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DESIGN ATW SYNTHESIS OF OPTIMIZED UGAIWS F 

CROSS*REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of priority to U.S. Provisional Application 
No. 60/278,097, ffled March 23, 2001, and U.S. Provisional Application No. 60/283,774, 
filed April 13, 2001, the contents of which are incorporated by refia-ence herein in their 
entirety. 

FIELD OF THE INVENTION 

[0002] This invention relates to the field of rational drug design. Specifically the 
invmtion relates to compounds that interact with p«x>xisome proliferator activated 
receptors (PPARs) and methods for their design and synthesis. 

BACKGROUND OF THE INVENTION 

[0003] Peroxisome proliferator-activated receptors (PPARs) are members of the 
nuclear receptor super&mily of ligand-activated transcription &ctors. Three subtypes of 
PPARs have been cloned fiom the mouse and human: Le., PPARalpha, PPARgamma and 
PPARdelta. In humans PPARgamma and PPARalpha are differentially ex^ 
organs and tissues (Willson ei al. J. Med, Chem. 43 :527-50 (2000) Nuclear receptors like 
PPAR possess DNA binding domains (DBDs) that recognized specific DNA sequmces 
(called response elements) located in the regulatory regions of their target genes 
Mangelsdorf et al Cc// 83:835-839 (1995)), Activation of PPARs modulates the 
^q>ression of genes containing the appropriate respective peroxisome proliferator 
response elements (PPRE) in its promoter region. POT WO/25226. 
[0004] PPARgamma consists of three forms, PPARgammal which is broadly 
e3q)ressed in most tissues, PPARgamma2, is more restricted to adipose (white fat and 
brown fat) tissue, and PPARgamma3. PPARgammaS is confined to adipose tissue, 
macrophages and colonic epithelium in rodent and human tissues (Mangelsdorf, and 
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Evans Ce// (1995) 83:841-850; Spiegelman. D/flZ>eto (1998) 47:507-514; Willson et al., 
J. Med. Chem. (2000) 43:527-550). The distribution of the other PPARs also varies in 
different tissues. Througjiout this writing PEAR refers to any of these isoforms, subtypes 
or combination thereof. PPARganuna is functionally involved in intennediaiy 
metabolism of cells and tissues that express this nuclear receptor. 
[0005] PPARgamma and PPARalpha and FPARdelta are difierentially expressed in 
different organs and tissues. Activation of PPARgamma and/or PPARalpha and/or 
PPARdelta modulates the expression of genes involved in: 1) glucose and lipid 
metabolism, 2) the regulation of cell growth, differentiation and regulation of the mitotic 
cycle, 3) the inflammatoiy response in cells of the immune system, 4) suppression of 
components of the immune system that become activated in pathological situations, and 
5) regulation of apoptosis (programmed cell death) in a variety of cell types. Impainnrat 
in these processes lead to pathophysiolgical conditions involving metabolic (endocrine) 
dysfunction, prolif^ative diseases, inflammatory diseases and degenerative diseases. 
(Pershadsingh, Expert Opiru Investig. Drugs 8(1 1):1859-1872 (1999)). 
[0006] The precise mechanism whereby ligand activation of PPARs lead to changes 
in gene expression is poorly understood. Full activation of PPARgamma and/or 
PPARalpha and/or PPARdelta requires its functional dimerization with the retinoid X 
receptor (RXR) to form PPARgamma/RXR or PPARalpha/RXR or PPARdelta/RXR. The 
endogenous ligand for RXR is 9-cis-retinoic acid. Nutrient retinoids and retinoic acid 
such as 13-all-trans-retinoic acid are converted to 9-cis-, 11-cis-, or 13-cis-retinoic acid 
by ubiquitous intracellular isomerases (Warrell Jr et al.^ New Engl /. MecL 329(3):177-- 
189 (1993)).-The fiill spectrum of genes that can be regulated by PPARalpha or 
PPARgamma or PPARdelta or tiieir respective heterodimers renoiain to be defined. 
[0007] PPAR agonists have been shown to inhibit tiie expression of inflammatory 
cytokines such as tumor necrosis factor-alpha (TNF-alpha), IL-1, IL-2, IL-6 in cells of 
the immune system inchiding,T lymphocytes, B lymphocytes, monocytes, 
monocyte/macrophages, and splenocytes. PPARgamma agonists tend to suppress 
inflammation mediated by Thl lymphocytes (Marx et al., J, Immunol 164:6503 (2000); 
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Padilla et al., Ann K X Acad Sci, 905:97 (2000); Clark et al., /. Immunol, (2000) 
164:1364; Yang et al., JBio.l Chem .(2000) 275:4541). However, the anti-inflammatoiy 
effects of PPARgamma are controversial. It has been reported that PPARgamma 
activators are not useful for the treatment of acute inflammation in db/db diabetic mice 
(ThiCTUgcr et al., •/ Immunol (2000) 164:1046). Thiazolidinedione-treated db/db mice 
challenged with lipopolysacchaiide, a potent pro-inflammatory agent, displayed no 
suppression of cytokine production. Rather, their blood levels of TNF-alpha and II/-6 
were elevated beyond the levels observed in control mice. 

[0008] PPAR agonists have also bem shown to inhibit proliferation and promote 
dififeraitiation of a variety of normal and neoplastic cell types. Spiegelman et al., 
PCT/US97/22879, published June 18, 1998, disclose methods for inhibiting proliferation 
of PPARgamma-responsive hypeiproliferative cells by using PPARgamma agonists; 
numerous PPARgamma agonists are disclosed by Spiegehnan et al., as well as methods 
for diagnosing PPARgamma-responsive cells. The method relates to superior e£5cacy of 
PPAR activators or co-activators of various subtypes in: 1) promoting a^optosis of 
neoplastic cells, 2) systemic anti-inflammatory effect by suppressing Thl -mediated 
inflammatory cytokines and promoting Thl to Th2 phenotypic transition resulting in of 
immunosuppression, leading to prevention, amelioration or reversal of degenerative 
diseases. 

[00091 Examples of diseases susceptible to the immunosuppressive effects of 
activators of PPARgamma, or PPARalpha, or PPARdelta, or co-activators of any of these 
subtypes are: inflammatory skin diseases (e.g. psoriasis, atopic dermatitis, eczema, acne 
vulgaris, and other dermatitides), neurodegenerative diseases (e.g. multiple sclerosis, 
Alzheimer's disease, Parkinson's disease), cardiovascular diseases (e.g. atherosclerosis, 
venous and arterial occlusive diseases, restenosis after invasive procedures, 
cardiomyopathy, myocardial fibrosis, congestive heart failure), pulmonary disorders 
(asthma, chronic obstructive pulmonary disease), angiogenesis and neovascularization in 
neoplastic and other diseases. The immune system includes T lymphocytes, B 
lymphocytes, monocytes, macrophages, monocyte/macrophages, macrophage-like cells 
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(e.g. astrocytes in the brain, retinal pigmented epithelial cells in the redna), cells of 
myeloid origin in any tissue, in particular the bone mairow (stem cells, pre- 
promyelocytes, promyelocytes, myelocytes, granulocytes, plasma cells, mast cells, 
basophils, polymorphonuclear cells, eosinophils). 

[0010] In humans, PPARgamma and PPARalpha and PPARdelta are difEerentially 
e3q>ressed in organs and tissues (Willson et al., J. Med Chem. (2000) 43 (4):527-50). This 
heterogeneous distribution is particularly evident in the complex structure of the eye 
(Braissant et aL, Endocrinology (1996) 137:354-366; Perahadsingh et al.. Proceedings of 
the Society for Nemoscioices. Miami Beach, USA,1999). It can be difiBcult to predict 
what cells and diseases are influenced by PPARgamma and/or PPARalpha activity and/or 
PPARdelta due to the v^ed tissue distribution of expression of the various PPAR 
subtypes and flie varied amounts of their respective proteins in various cells (Escher et 
aL, Endocrinology l^(10):4195-202 (2001); Braissant O, Wahli W, Endocrinology 
139(6):2748-54 (1998)). Further, some PPAR subtypes are expressed in some cells while 
in a normal state, but not expressed or expressed to a lesser or greater degree by the 
abnormal cells, or visa versa* Specifically, PPARgamma and PPARalpha are difFerentially 
expressed in diseased versus normal cells. For example PPARgamma is expressed in 
normal hionan keratmocytes but not in normal human dermal fibroblasts (Ellis et al., 
ArcJu Dermatol (2000) 136: 609-6161. PPARgamma has been shown to be expressed in a 
greater amount in level was increased in the subcellular cytosofic fi:action of Alzheimer's 
disease brains, compared to control hrains QKatamura et aL, Biochenu Biophys. Res, 
Commun. 1999;254:582-586). 

[00111 The activity of PPARgamma or PPARalpha or PPARdelta depends on the 
degree to which the receptor protein is phosphorylated and/or on the conformation of the 
recq)tor. It has been proposed that phosphorylation could alter interactions with protein 
cofactors of PPARgamma which act as corqiressors or coactivators. Nuclear receptors 
function as "Ugand-gated" platforms for the assembly of these co&ctors into large protein 
complexes on specific DNA sequences (Spiegelmsai Diabetes (1998) 47:507-514). Some 
of these coactivator proteins (CBP/^300, SRCI, pCAF) have histone acetyltransferase 
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activity that functions to "open" the configuration of chromatin, allowing more efiScient 
transcription. Others act as deacetylases which oppose the effects of acetyltransferases. 
Similar aiguinents apply to PPARalpha modulation of gene transcriptioiL One theoretical 
problem is whether the nuclear receptor coactivators or corepressors identified to date are 
selective for particular PPAR receptors, and this remains unknown (Spiegefanan BM. 
Diabetes (1998) 47:507-514). Li fact, ihese coactivators or corepressors have multiple 
modes of action and hence, it is not clear which cofactors are more important for the 
function of any particular receptor ^gserver et al.. Science (1999) 286:1368-1371. It is 
also not obvious how tiie tremendous specificity of biological actions of the individual 
nuclear receptors are generated! (Spiegehnan, Diabetes (1998) 47:507-514). 
Consequently, the fiiU ^ectrum of nuclear cofactors tiiat regulate the transcriptional 
activity of PPARgamma and/or PPARalpha or PPARgamma/RXR and/or 
PPARalpha/RXR remains to be defined. The way in which a tissue expressing 
PPARgamma and/or PPARalpha and/or PPARdelta may respond to a particular ligand, 
and a pathological state will be attenuated, arrested, accentuated or worsened by said 
Ugand can vary for example in the case in which a single hgand activates both 
PPARgamma and PPARalpha to similar degrees, i.e. a co-activator of bofli PPARgamma 
and PPARalpha (or similarly, both PPARgamma and PPARdelta or PPARalpha and 
PPARdelta). 

[0012] Until recently, the genes regulated by PPARs were those believed to be 
predominantly associated with Upid and glucose metaboUsm. Recentiy, an 
immunomodulatory role for PPARgamma and PPARalpha has been described (Shu et aL, 
Biochem. Biophys. Res, Commuju (2000) 267(1 ):345-9). The 
unmunomodulatory/immunological mechanisms underlying inflammatory diseases 
mediated by or related to T lymphocyte activation are not well understood. 
Immunosuppressive agents capable of blocking various steps of the immune response 
have been utilized to prevent, ameliorate or reverse the inflammatory process, often by 
downregulating critical nuclear transcription fectors that, in turn, regulate the expression 
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of genes encoding inflammatory cytokines. Production of inflammatory cytokines occur 
in hypertdglyceridemic and oflier dyslipidemic states^ e.g. diabetes mellitos. 
[0013] Both PPARalpha and PPARgamma activators have been shown, 
ind^endently» to suppress expression of these inflammatory regulators, inhibit 
proliferation and promote apoptods of pathological cellular phenotypes. Paradoxically 
and un^q>ectedly, fhe opposite case occurs wherein &e tha:^qpeutic compositions are 
administered in flie treatment of degenerative disease such as multiple sclerosis (a 
neurodegenerative) or retinopathies and retinitis (letraal degenerative diseases), in which 
prevention of apoptosis is the operative mechanism. Therefore, in these disease states, 
activation of PPARalpha and PPARgamma by suppressing transcription of inflammatory 
cytokines, prevents apoptosis of the target cell anil promotes survival of the non- 
pathological cellular phenotype. For example, in the case of multiple sclerosis, an 
autoimmune T lymphocyte-mediated disease, the target cell sustaining the pathological 
insult is the myelin sheath (oligodendrocyte) in the central nervous system. The 
pathological cellular phenolypes are amnestic T lymphocytes lacking immune recognition 
of oligodendrocytes, and inappropriately activated microglia, resulting in inappropriately 
activation and production of harmful inflammatory cytokines (Zhang et al., MulL Sden 
(2000) 6:3-13). PPARgamma activation can inhibit neuronal apoptosis and promote 
neuronal protection through the upregulation of neuronal sqpoptosis inhibitory protein 
(Magun et al.. Diabetes (1998) £7: 1948-52). Indeed, PPARgamma activation protects 
cerebellar granule cells Scorn cytokine-induced apoptotic cell death ^eneka et al., J. 
NeurvimmunoL (1999) 100:156-68). Moreover; PPARa^)ha has been shown to siq)press 
infianunatory cytokines and nuclear factors in monocyte/macrophages. A similar 
mechanism involving suppression of inflammatory cytokine production by microglia 
would prevent oligodendrocyte apoptosis. Finally, combined PPARalpha/PPARgamma 
activation could promote Thl/IhZ differentiation as a final common pathway to inhibit 
apoptosis of the non-pathological phenotype and promotion of neuronal protection 
(Giorgini et al., Horm, Metab. Res. (1999) 31:1-4; Claik et al., J. Immunol (2000) 
164:1364-71). 
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[0014] PPARgamma interactions with co-activators and co-rq)ressors tend to be 
ligand-specific. For example, the natural PPARgamma Ugand, 15-deoxy-delta- 
12 J4-prostaglandin J2 can induce the receptor-ligand complex to interact with the 
cofactors: SRC-1, TIF2, AIB-1, p300, TRAP220/DRIP205, whereas, under the same 
conditions tfie anti-diabetic fhiazolidinedione, troglitazone, a synthetic PPARgamma 
ligand does not Therefore, ligand binding may alto: PPARgamma structure in a 
ligand-type specific way, resulting in distinct PPARgamma-coactivator interactions 
(BCodera et al., J. Biol Chem. (2000) 275(43):33201-33204. By analogy, a similar 
mechanism would provide ligand-spedfic control of gene expression in the case of 
PPARalpha activation or PPARdelta activation. 

SUWDVIARY OF T]BDE nm:N^ 
[0015] This invention involves the discovery of new chendcal entities tto^ 
utility for treating a variety of clinical disorders including those that are influenced by the 
activity of peroxisome prohferator activated receptors (PPAR) including PPARalpha, 
PPARdelta, and or PPARgamma (the term "subtypes*' is used herdn to refer to the 
various types of PPARs mcluding PPARalpha, PPARdelta, and PPARgamma). The 
invention also involves tihte surprising findmg that the compounds are potent activators of 
peroxisome prohferator activated rec^tors. Compounds and methods on how to design, 
make and use the compounds are desCTibed herein. The invention also describes 
tautomers, stereoisomers and derivatives of the subject compounds, and pharmaceutically 
acceptable salts and solvates thereo:^ and their uses in the treatment of metabolic, 
inflammatory, autoimmune, proliferative and degenerative diseases. 
[0016] This invention describes novel compounds that activate PPARs and that are 
useM for the treatment of clinical disorders that are influenced by the activity of various 
PPAR subtypes. Methods of this invention include how to make and use the compounds 
for the treatment of a T lymphocyte-related or autoimmune, inflammatory, proUferative, 
dystrophic, degenerative diseases, such as those involving ischemia, angiogenesis, 
atherosclerosis, increased cell proliferation, immune mediated inflammation. 
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neovascularizatioii, and or apoptosis, by administering to a hiiman or animal in need of 
treatment an effective amount of a PPARgamma activator, or a PPARalpha activator, or a 
co-activatDr of both PPAi^amma and PPARalpha, or a PPARdelta activator to attenuate, 
i^erse, prevent, ameliorate, or stop the disoiden Provided are fhiazolidinedione and non- 
thiazolidinedione ligands, flieir esters, salts, solvates and tautomers and various 
derivatives of these ligands. 

[0017] In another aspect, provided are compounds that bind to nuclear receptors by 
fomiing a disulfide linkage between a thiol groiqp in the ligand and a cysteine residue m 
the recq)tor. In another aspect, the invention provides con9>ounds containing a halogen- 
substituted pyridine group that can form a covalent linkage vnQn a cysteme residue in a 
particular nuclear receptor. Typically, the substituted pyridine group is located at the tail- 
end of the molecule. 

[0018] In another aspect, this invention discloses compounds with molecular 
characteristics that enhance their binding affinity to the ligand-binding domain (LBD) of 
PPAR nuclear receptors, wherein the compoimd has structural features and constraints 
that enhance (optimize) receptor binding in order to maximize transactivation or 
deactivation- Preferred ligands contain a polar headgroup that promotes high affinity 
binding to activating site of the of the PPAR LBD, leading to efficient PPAR 
transactivation, i.e., the binding of agonist ligands to the receptor resulting in changes in 
the expression level of mRNAs encoded by PPAR target genes. Receptor deactivation or 
antagonism may occur when it is covalently bound, but the headgroiq? feils to eflFectively 
engage the activating site of the LBD, resulting in failure of the ligand to transactivate the 
nuclear recqptor. 

[0019] Pharmaceutical compositions comprising compounds disclosed herein, as 
wells as salts solvates, estars, tautomers or stereoisomers are provided. Optionally, the 
composition further includes a phatmaceutically acceptable excipient. 
[0020] Also provided is a method for treating a peroxisome proUferator activated 
receptor (PPAR) mediated disease, or risk factor, wherein the method includes 
administering to a human or an animal in need thoreof, a therapeutically efBective amount 
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of a compound according to any one of the compounds described herein. Optionally, the 
compound is a PPARgamma activator, PPARalpha activator, or PPARdelta activator. 
[0021] Also provided is a method wherein the compound is administered m 
combination with a natural or a synthetic therapeutic compound, 
[0022] In one embodiment, a method for designing a compound which is an L-shaped 
ligand molecule enable of binding to at least one of PPAR-o, 5, and y, is provided. 
one embodiment, the mefliod includes: 

identifying at least one Jigand binding domain (LBD) in a selected PPAR; 

selecting at least a first chemical groi^ capable of binding to ihs LBD of Ae 

PPAR; 

selecting a second chemical group enable of interacting with at least one 
amino acid in the LBD to have an effect on transcription mediated by the PPAR; and 

detemiining a formula of an L-shaped ligand molecule wherdn the L-shaped 
ligand molecule comprises a fibrst leg section and a second leg section, the first leg section 
comprising the iSrst chemical group that binds the LBD of the PPAR, and flie second leg 
section comprismg ttie second chemical group which interacts with an amino acid on the 
PPAR, and further wherein the first and second leg sections of the L-sh^ed Ugand 
molecule are connected at an elbow atom conunon to both legs such that the first and 
second legs are capable of orienting in a conformation which creates an angle of about 80 
to 110 degrees between the first and second legs. 

[0023] .Optionally, the method can also include synthesizing the L-shaped ligand 
molecule and detemiining its ability to bind to at least one of PPAR-ct, 5, and y. 
[0024] The LBD of Ae PPAR may comprise a cysteine residue. The first chemical 
ffoup may comprise a fliiol which is enable of forming a disulfide linkage with the 
cysteine residue in the LBD. The first leg section of the L-shaqped Kgand molecule may 
comprise a lipophilic terminal group tiiat promotes binding to an active site of a PPAR 
isoform. The fiist chemical group may comprise a halogen-substituted pyridine group 
which which is cq)able of forming a covalent linkage with tiie cysteine residue in tiie 
LBD. 
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[0025] Interaction of the amino acid of the LBD with a second chemical group on the 
L-sh£5>ed ligand molecule may be via hydrogm bonding. The compound may be an 
activating ligand that binds the PPAR, and a second diemical group on the L-shaped 
ligand molecule may int^act with a Tyr473 residue on tiie PPAR. 
[0026] The I/-shq>ed ligand molecule may be an inactivating ligand that biads flie 
PPAR, wherem the second chemical gtoiq> on the L-shaped ligand molecule does not 
int»actwithaiyr473reddueonthePPAR. Furflier, an I^shq)ed ligand molecule may 
be designed for optimal binding to a PPAR LBD by determining at least one geometric 
constraint on the ligand- Optionally, the I^shaped ligand molecule is an agpnist of tiie 
PPAR or an antagonist of flie PPAR. 

[0027] In another embodiment, a computer-assisted method for designing a 
compound which is an L-shaped ligand molecule specific for at least one of PPAR-ct, 8, 
and y, using a programmable computer including a processor, an iiput device, and an 
output device is provided. The metiiod comprises in one embodiment: 

(a) inputting into the progrannnable computer, throu^ the input device, data 
including the identity of at least one Ugand binding domain (LBD) in the selected PPAR; 

(b) detemiining, using the processor, the identity of at least a first chemical 
group Citable of binding to the LBD of tiie PPAR; 

(c) determining, using the processor, the identity of a second chemical group 
cq>able of interacting witii at least one amino acid in the LBD to have an effect on 
transcription mediated by the PPAR; and 

(d) outpntting, to the output device, the formula of an L-sh^ed ligand 
molecule wherein the L-jshaped ligand molecule comprises a first leg section comprising 
the first chemical group which binds flie LBD of the PPAR, and a second leg section 
comprising the second chemical group which interacts with an amino acid on a PPAR, 
and fiirther wherem the first and second leg sections of the ligand molecule are connected 
at an elbow atom common to both leg sections, such that the first and second leg sections 
are capable of orienting in a conformation with an angle of about 80 to 110 degrees with 
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respect to each other. The L-shaped ligand molecule may be designed for optimal binding 
to a PPAR LBD by detennining at least one geometric constraint on the compound. 
[0028] Another method for designing an L-shaped ligand molecule capable of 
binding to at least one of PPAR-oc^ 5, y is provided The method comprises identifying an 
I>shaped molecule comprising a first leg section Lt and a second leg section L2 wh^^ 
the longitudinal axes of Li and Lz are connected by a shared elbow atom c, wherem: 

(a) Lt and L2 are capable of assuming approximately linear extended 
conformations wherein Li and la arc indepmdently each about 9-13 A in lengtl^ 

(b) leg sections Li and La are connected at the elbow atom c such tiiat the first 
and second leg sections are enable of orienting in a confonnation which creates an ang^e 
of about 80 to 110 degrees between the first and second legs; 

(c) a terminus of Li contains an acidic moiety of pKa between 4 and 6, and has 
acceptor atoms enable of hydrogen-bonding; and 

(d) a terminus of L2 contains a moiety selected &om the groiq) consisting of a 
basic moiety, an acidic moiety, functional groiq)s of varying polarity, and a neutral 
hydrocarbon moiety. Optionally, the angle between leg sections Li and L2 is about 90 
degrees. 

[0029] The l-shaped ligand molecules identified by the method described h^in are 
optionally synthesized, and optionally tested for an abiUty to bind at least one of PPAR-ct, 
6, and y or PPAR isofonns. Optionally, Li and la independently are about 11-12 A. 
Optionally, Li is about 11.1 A and L2 is about 11. 4 A. 

[0030] Optionally, an L-shaped ligand molecule is designed that is capable of 
assuming a configuration wherein a torsional dihedral angle is generated by atoms a-b-c- 
d of the molecule, wherein atoms a and b are adjacent connected atoms in leg section Li, 
atom b is cotmected to elbow atom c, and atom c is connected to atom d in leg section L2, 
further wherein: 

a dihedral angle between a plane containing the atoms a, b and c and a plane 
containing the atoms b, c and d is betwe^ 45 and 85 degrees; and 
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a distance from an Li head group acid proton to an apex of tbe dihedral angle 
is at least about 3. 5 A. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10031] Figure 1 illustrates an overlay of compound 20 (DOCKed with PPAR-y, 
protein omitted) with compound 56. 

[0032] Figure 2 illustrates acidic head group (Z m Case I) rq)lacements for the 
thiazolidine-2,4-dione in PPAR Ligand Desigu. 

[0033] Figure 3 illustrates exanoples of various combinations of R and Z groups that 
are possible for Case 1 . 

[0034] Figure 4 is a schematic representation of how a laige ligand substituent in 
proximity to Ile-341 creates a significantly un&vorable ttiermodynamic interaction. 
[0035] Figure 5 shows the structure of exeQq)lary binding ligands. 
[0036] Figure 6 shows the structure of exemplary ligands of PPAR. 

DETAILED DESCRIPTION OF THE INVENTION 

[0037] As used herdn, the term "alkyl" includes a branched or unbranched 
hydrocarbon chain, for ©cample, including about 1 to about 8 caibons, such as methyl, 
ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyi, tertrbutyl, octa-decyl and 2- 
methylpentyl. Alkyl can be optionally substituted with one or more functional groups 
which are attached commonly to such chains, such as hydroxyl, biomo, fluoro, chloro, 
iodo, mercapto or thio, cyano, alkylthio, aryl, caifooxyl, caibalkoyl, alkyl, alkenyl, nitro, 
ammo, aIkox)i, amido, and the like to form substituted alkyl groups such as trifluoro 
methyl. 3-hydroxyhexyl, 2-carboxypropyl, 2-fluoroethyl, caiboxymethyl, cyanobutyl and 
the like. The term "cycloalkyr includes a cyclic alkyl. 

[0038] The term 'Tieteroalkyl" includes a branched or unbranched hydrocaibon chain 
having one or more heteroatoms in between caibon atoms. The term "heterocycle" 
includes a hydrocarbon chain forming one or more rings and having one or more 



12 



wo 02/076177 



PCT/US02/09287 



heteroatoms in the ring. Alkylheterdcycles include alkyl groups attached to heterocycles. 
Alkylheteroaryls include alkyl groups attached to heteroaryls. Heteroalkyl and 
heterocyclic groups may be substituted for example as described for alkyl groups. 
[0039] The term "aryl" includes a chain of carbon atoms which form at least one 
aromatic ring having for example between about 6-14 carbon atoms» such as phenyl, 
naphtfayl, and the like. The aryl optionally rnay be substituted with one or more 
functional groiq)s which are attached commonly to such chains^ such as hydroxy!, bromo, 
fluoro, chloro, iodo, mercsqpto or thio, cyano, cyanoanaido, alkylthio, heterocycle, aryl, 
heteroaryl, caiboxyl, carbalkoyi, alkyl, alkenyl, nilio, amino, alkoxyl, amido, and the 
like. Aryl and substituted aryl groiq)s include biphenyl, iodobiphenyl, methoxybq>henyl, 
anthryl, bromophenyl, iodophenyl, chlorophenyl, hydroxyphenyl, methoxyphenyl, 
fermylphenyl, acety^)henyl, trifluorometfaylphenyl, trifluoromethyWiiophenyl, 
trifluoTomethoxyphenyl, alkylthiopheoyl, trialkylammoniumphenyl, amidophenyl, 
thiazoljdph^aiyl, oxazolylphenyl, imidazplylphenyl, imidazolyhnefliylphenyl, and the 
like. 

[0040] The term 'lieteroaryl'' includes a ring system including one or more aromatic 
rings and containing one or more heteroatoms, N, O, or S, in the aiomadc ring. 
Heteroaryl groups can be unsubstituted or may be substituted for example as described 
for alkyl groups, 

[0041] The term "acyl" refers to moiety of the formula -C(0)R', whorein R" is for 
example alkyl, aryl, heteroaryl, heterocyclic; such as formyl, acexyl, propionyl, or 
butyryl. 

[0042] This invention relates to the synthesis and uses of new compounds to treat 
diseases of multiple organ systems, including those contained in the cardiovascular 
system, pulmonary system, integumentary system, skeletal system, bone marrow, • 
immune system, central and peripheral nervous system, endocrine and exocrine glands, 
urogenital system, and gastrointestinal system, and other tissues that express peroxisome 
proliferator-activated nuclear receptors (PPARs), including PPARalpha, gamma and delta, 
a family of nuclear transcription factors. PPARy includes the yj, 72 or 73 isotypes or a 
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combination of all three isotypes. PPARs are nuclear receptors which naturally bind to 
fatty acids and which have been imphcated in adipocyte differentiation (Perhnann & 
Evans, Cell 90:391-397 (1997)). 

[0043] This invention further relates to modulating the activity of nuclear 
transcription factors or other factors that are involved in the promotion of diseases 
involvmg derangements in: lipid and carbohydrate metabolism, inflammation, 
proliferation, differratiation, pathological activation of lynrphocytes, apoptosis, nitric 
oxide formation, matrix metalloproteinases (MMPs), and tissue inhibitors of MMPases 
(TlMPs) by pharmaceutically acceptable forms including salts and solvates of the 
conq>ounds described hereiii. PPARalpha has been shown to have substantial anti- 
lipemic and anti--dyslipidemic pmperties which contribute to their anti-inflammatory and 
anti-qx>ptotic activities, and their efficacy in the treatment of vast array of pathologies 
and diseases (see Tables I through X inclusive). 

[0044] . Another aspect of this invention relates to methods and uses of PPARgamma 
activators, or PPARalpha activators, or PPARdelta activators or co-activators of any 
combination of Ae PPAR subtypes, for treating inflammatory iiimiune-mediated diseases 
by suppressing acute and chronic inflammatory production of inflammatory cytokines, 
and by promoting phenotypic transition of lymphocytes j&om the Thl to the Th2 
phenotype. 

[0045] In another aspect, this invention relates to the subject compoimds in the 
treatment of the diseases listed in Tables I through Table X, administered as either as a 
single agent, or in combination with a natural or synthetic compoimds. Such compounds 
include agonists for PPARalpha, PPARdelta, PPARgamma, retinoid X receptor ^OOR), 
vitamin D receptor (VDR), glucocorticoid receptor (GR), Liver X receptor (LXR) or 
LXR/RXR (e.g. an oxysterol (22(R)-hydroxycholesterol, 25-hydroxycholesterol, 7a- 
hydroxycholesterol, 24-hydroxycholesterol, 27-hydroxycholesterol, 40- 
hydroxycholesterol, 20,22-dihydroxycholesterol, and 20(S)-hydroxycholesterol, or a 
synthetic, synthetic nonsteroidal LXR-selective agonist (represented by T03 14407 and 
T0901317, Schultz et aL, Genes Z)ev.l4(22):2831-8 (2000)), Famseoid X recq)tor (FXR) 
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or FXRTRXR (e.g. famesol, chenodeoxycholic acid, a bile acid), and beta3-adrenocq)tor. 
The compounds of this invention can also be, administered as either a single agent, or in 
combination with a natural or synthetic compoimds that include inhibitors for 3-hydroxy- 
3-metfaylglutaryl coenzyme A (HMG-Co A) reductase (e.g. atorvastatin, cerivastatin, 
fluvastatiny lovastatin, pravastatin, simvastatin, rosuvastatin), and cholesterol ester 
tfansfio* protein (CETP) (e.g, a substituted-1^3,4-tetrahydroqmnoline). The compounds 
of this invention can also be administered as either a single agent, or in combination with 
a natural or synthetic conq[X)unds that can include a pharmacological agent that increases 
tiie expression or irpregulates the AlP-binding cassette protein 1 (ABCl), calcineurin 
inhibitor (e.g. cyclospoiine A» tacrolimus, sirolimus), an anti-hypertensive angiotensin 
converting enzyme (ACE) inhibitor ( e.g. benazepril, captopiil, cilazq>ril, enal^ril, 
eoalaprilat, fosinopril, lisinopril, moexi^:Kril, perindopril, quin£q;>ril, ramipiiU trandolapril), 
or an anti-hypertensive angiotensin receptor blocker (AKB)(e.g. losartan, valsartan, 
iibesartan, candesartan), telmisartan, eprosartan). 

[0046] Anotiier aspect of this invention relates to methods for screening libraries of 
compoimds to determine which are the best candidates among the subject compounds for 
use in the practice of this mvmtion. 

[00471 ^ another aspect, the present invention generally relates to the treatment of T 
lymphocyte-related diseases that involve activation of nuclear factor of activated T 
lymphocyte NFAT, NF-kappaB or AP-l, inappropriate activation of nuclear transcription 
factors that regulate the transcription of genes encoding inflammatory cytokines, 
inappropriate transcription of genes encoding said inflammatory cytokines, and increased 
secretion and activity of said inflammatory cytokines. Examples of cytokines relating to 
this invention include, but are not limited to interferon-gainma(INFgaimna), tumor 
necrosis factor-alpha (TNF-alpha), and a variety of the inflammatory and 
immunomodulatory interleukins (Chinetti et al. J. Biol. Chem. 1998; 273:25573-25580; 
Escher and WaUi, Mutat Res. 2000; 448:121-138; Ricote et al., J. Leukoc. Biol. 1999; 
66:733-739; Rocchi and Auwerx, Ann. Med. 1^9; 31.342-351). This invention further 
relates to the prevention or treatment of disorders of inflammatory and 
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immunomodulatory responses of the immune syston involving: T helper (Th), T 
suppressor (Ts), Thl and Th2 lymphocytes, natural killer (NK) and other T cell subsets; 
the T cell receptor (TCR) and cellular signal transduction pathways initiated by TCR 
activation; the m^or histocompatibility conq>lex (MHC) and cellular transduction 
pathways initiated by MHC activation. Tnflanimatory cytokine produced by T 
lymphocytes include but not limited to: IL-lalpha, IL- Ibeta, II/-2, IL-4, IL-6, IL-8, IL-9, 
IL-11, IL-12, IL-15, IL-16, IL-18, TNF-alpha or INFgamma. Lymphoid-spedfic and 
other ubiquitous transcription factors include but are not limited to NFAT, NF-IL2A, 
activated protein-l (AP-l), nuclear factor-k^aB (NF-k^paB), Octl, CD28; signal 
transducers and activator of transection (STATs) which regulate DNA gene promoter 
sequences; oncogenes (e.g. c-myc, c-jun, c-fos), CIMO/CIMOL. 
[0048] In another aspect, the preset invention is durected to coiiq>ounds including 
positional and optical isomers of the subject compoimds having one or any combination 
of the following properties: anti-inflammatory activity, e.g. by blocking production of 
inflammatory cytokines; prevention of programmed cell deatti (apoptosis), e.g. in 
degenerative diseases; induction of programmed cell death (^optosis), e.g. in neoplastic 
cells or malignancies; anti-proliferative activity by blocking mitosis or otherwise 
interrupting the cell cycle; anti-proUferative activity by promoting differentiation; anti- 
thrombotic or blood clot dissolving activity, e.g. inhibition of thrombin or GP Ilb/nia; 
inhibitory effect on nitric oxide synthase (iNOS); inhibitory effect on matrix 
melalloproteinases (MMPase) e.g gelatinases, collagenases, stromelysins, matrilysins, ' 
and/or their respective pro-enzymes; inhibition of the nuclear receptor, nuclear factor- 
kappaB (NF-kqjpaB); inhibition of the nuclear receptor, activated protein- 1 (AP-1); and 
inhibition of the of the nuclear receptor, nuclear &ctor of activated T lymphocytes 
(NFAT). 

[00491 1° another aspect, the present invention generally relates to the treatment of 
diseases involving inappropriate apoptosis or in^ropriate activation of the apoptotic 
programmed cell death pathway. Apoptotic regulators which malfunction resulting in 
pathological diseases or conditions include: fas/&sL, Apo-l/CD95, FADD, TRADD, 
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Apo2L/TRAIL, the TNF receptor, caspases (in particular caspase-3), inducible nitric 
oxide (iNOS) gene transcription and nitric oxide production. Several of these components 
are regulated primarily or secondarily by PPARgamma and/or PPARalpha activation. 
(Delerive, et al., J. Endocrinol 169(3):453-9 (2001)) 

Synergistic Activation by PPARalpha and PPARgamm a Ligands 

[0050] Activation of both PPARalpha and PPARgamma have effects on metabolic 
risk factors that lead to chronic systemic inflammation that can result in diabetes, 
atherosclerosis, congestive heart feilure, ulcerative colitis, rheumatoid arthritis, 
osteoporosis, Alzheimer's disease, multiple sclerosis, and other autoimmime and 
degenerative diseases (Pershadsingh, Expert Opin. Investig, Drugs 8:1859-1872 (1999); 
Neve et al., Biochem, Pharmacol 60:1245-1250 (2000); McGeer et al., J. Neural . 
Transm. SuppL 59:53-7 (2000); Bar-Or et al., J. Neuroimmunol 100:252-9 (1999); 
P^adakis and Tai^gan^^/i/iu. Rev. Med. 51:289-98(2000)). Pharmacological co-activation 
of both subtypes provides for a synergistic therapeutic effect An essential aspect of this 
invention is a unique and novel ^proach to the treatment of such diseases that involves 
liie unexpected outcome^ that simultaneous pharmacological activation of both 
PPARalpha and PPARgamma leads to superior efiScacy, compared to the effects derived 
from the algebraic sum of the effects of activation of PPARalpha or PPARgamma, 
independently. Synergy may be achieved either with a ligand that co-activates both 
PPARa^hp. and PPARgamma subtypes, or ther^eutic compositions consisting of a 
PPARalpha agonist and a PPARgamma agonist resulting in attenuating, arresdng, 
reversing or preventing the target disease. 

[0051] This aspect of tiie invention is illustrated in the unique approach to the 
treatment of atherosclerosis or psoriasis, that have dennatological or vascular 
manifestations of a chronic disease with inflammatory, proliferative and degenerative 
(apoptotic) components. The pathogenesis of both atherosclerosis and psoriasis involve 
inappropriate prolif^tion (vascular smooth muscle cells in atherosclerosis and 
epidermal keratinocytes in psoriasis) and expression of inflammatory cytokines, mediated 
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by activation of the inflammatory transcription fectors, NF-kappaB, AP-1 and NFAT 
(Neve et al., Biochem, Pharmacol, 60:1245-1250 (2000) and ElKs et al.. Arch. Dermatol 
136:609-16(2000)). Specific activation of PPARgsanma on the one hand (Ellis et al., 
idrcft. Dermatol 136:609-16(2000)). and spedfic activation of PPARalpha on the otho: 
(Koilmves et aL, J. Invest Dermatol 115:353-60(2000)) have been shown to 
indep&dently stimulate keratinocyte differentiation and inhibit and q)idennal 
proliferation. Similarly, for example, activation of PPARgamma inhibits proliferation of 
vascular-smooth muscle (VSM)cells, and iNOS production and matrix metalloproteinase 
(MMP) activity in the vessel wall, whereas activation of PPARalpha decreases the 
activity of cell adhesion moles and affects lipoprotein metabolism, resulting in a 
profound anfi-dyslipidemic systemic effect (Neve et aL, Biochem. Pharmacol. 2000; 
60:1245-1250). Thus, unexpectedly, pharmacological co-activation of PPARalpha and 
PPARgamma can provide synergistic therspy in the treatment of atherosclerosis or 
psoriasis. 

[0052] Via negative regulation of NF-l^paB and AP-1 signaling pathways, 
PPARalpha inhibits expression of inflammatory genes, such as inta:leukin-6, 
cyclooxygenas6-2, endothelin-l, and the expression of monocyt^-recimting proteins such 
as vascular cell adhesion molecule (VCAM)-1» and recruitment of monocytes and foam 
cells in atherosclerotic lesions. Also via negative regulation of NF-kappaB and AP-1 
signaling pa&ways, PPARgamma activation in macrophages and foam cells inhibits the 
expression of genes encoding iNOS, MMP-9, scavenge receptor A, VCAM-1 . Therefore 
treatment modalities involving the simultaneous activation of PPARalpha and 
PPARgamma can provide a synergistic lfaerq>eutic effect and leading to superior 
improvemmt, resolution or prevention of systemic cardiovascular inflammation, 
including atherosclerosis, vascular restenosis, congestive heart failure and myocardial 

fibrosis (Takano et al., Circ. Res. 87:596-602(2000); Lee et al.. Ore. Res., 87:516-21 

(2000); Fruchart et al.. Cum Opim Lipidol 10:245-57(1999)). 

[0053] The compound may be a PPAR ligand with properties selected fiiom the 

group consisting of: 1) a PPARgamma agonist, 2) a PPARgamma partial agonist (i.e. as 
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SPARM (slective PPAR modulator), 3) a PPARgamma antagonist, 4) a PPARalpha 
agonist, 5) a PPARalpha partial agonist, 6) a PPARalpha antagonist, 7) a PPARdelta 
agonist, 8) a PPARdelta partial agonist, 9) a PPARdelta antagonist, 10) a 
PPARgamma/PPARalpha dual agonist), 11) a PPARgamma/PPARdelta dual agonist, 12) 
a PPARalpha/PPARdelta dual agonist, 13) a PPARgamma partial agonist that also 
activates PPAR^pha, 14) a PPARgamma partial agonist that also activates PPARdelta, 
and 15) a ligand that activates all three PPAR isofonns, a 
PPARgamma/PPARalpha^PARdelta pan-agonist 

Methods for Design of Compounds 

[0054] In some embodiments, the compounds disclosed herein may be designed by 
certain design methods as disclosed herein, 

[0055] This invention relates to compounds that can act as hgands that bind and 
covalently modify nuclear receptors, with consequent activation or deactivation the 
particular nuclear receptor. In one aspect, the preset invention relates to hgands capable 
of forming a covalent bond between the Ugand and a cysteine residue in the nuclear 
realtor. Another aspect of this invention relates to geometric constraints on the ligand 
designed to provide for enhanced binding to nuclear receptors, in particular the 
peroxisome proliferator-activated receptors 0?PARs). Another aspect of the present 
invention relates to methods of associating a particular disease or condition with a 
particular nuclear recqjtctr. Another aspect of the present invention is the prevention or 
treatment of a disease associated with a nuclear receptor through ligand-induced 
activation or deactivation of a particular receptor. 

[0056] The methods described in this invention relates to improvements in recruiting 
co-activators and/or co-repressors in orda: to optimize the activation or inactivation of the 
various PPAR isoforais in the treatment or prevention of a particular disease mvolving, 
for example: 1) promoting apoptosis of neoplastic cells, 2) inhibiting apoptosis in 
degenerative diseases such as multiple sclerosis and other autoimmune diseases, 3) 
inhibiting systemic inflammation by suppressing Thl -mediated inflammatory cytokines 
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and promoting Thl to Th2 phenotypic transition, leading to treatment or prevention 
diseases such as atheroscl^sis, syndrome X and congestive heart failure. 
[0057] Other nuclear recqjtors to which the present invention applies are: the 
constitutive androstane (xenobiotic) recq>tor (CAR), the retinoid X receptor (RXR), the 
pregnane X receptor, the Famesiod X recq>tor, the liver X receptor, and the steroid X 
receptor. These nuclear recq>tor5 contain cysteine residues fai their ligand binding 
domains (LBDs), and m both the apo-LBD and the ligand-bound complex of fliese 
receptors contain the AF-2 helix motif which is essential for specific Ugand binding and 
adopt a conformation similar to that of the PPARs, in particular PPARgamma. 
[0058] In one aspect, this invention discloses compoxmds that bind to nuclear 
receptors by fonning a disulfide linkage between a thiol group in the ligand and a 
cysteine residue in the receptor. In another aspect, the invention discloses compounds 
containing a halogen-substituted pyridine group that can form a covalent linkage with a 
cysteine residue in a particular nuclear receptor. Typically, the substituted pyridine group 
is located at the tail-end of the molecule. 

[0059] In another aspect, this invention discloses compounds with molecular 
characteristics that enhances their binding ajQSnity to the ligand-binding domain (LBD) of 
PPAR nuclear receptors, wherein the compound has structural features and constraints 
that enhance (optimize) receptor binding in order to maximize transactivation or 
deactivation. Preferred ligands contain a lipophilic headgroup that promotes high afBnity 
binding to activating site of the of the PPAR IBD, leading to ejBScient PPAR 
transactivation, i.e. the binding of agonist figands to the receptor resulting in changes in 
the expression level of mKNAs encoded by PPAR target genes. Receptor deactivation 
may occur when is covalentiy bound, but the headgroiqp fails to eflfectively engage the 
activating site of the LBD, resulting in failure of the ligand to transactivate the nuclear 
receptor. 

[0060] The structure of the PPARgamma LBD has been determined by X-ray 
crystallography (Nolte et al.. Nature 325:137-43(1998)). The PPARgamma LBD is a 
bundle of 13 alpha-helices and a small four-stranded beta-sheet (Wlllson et al. J. Med. 
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Chem. ^:527-50(2000)), with an overall fold similar to other nuclear receptor structures 
from helix 3 to the C-terminus. The crystal structure of the apo-PPARgamma LBD 
revealed a large (-1300 A^) Y-sh^ed ligand-binding site located within the bottom half 
of the LBD. The PPARgamma thiazolidinedione (TZD) agonist, rosiglitazone binds in a 
U-shaped conformation, while occi^ying only 40% of the ligand-binding site. He TZD 
headgroiq) makes several specific hydrogen-bonding interactions with His449, Tyr473, 
His323, S€r289, and Gln286 (\Waison et al., J Med Chem. 2000;43:527-50). lVr473 lies 
on the C-tenninal AF-2 helix, which is critical for transcriptioiial activation. This, 
interaction of the ligand with the AF-2 helix locks the recq)tor in an activated state. 
[0061] Similarly, PPARdelta and, based on llieoretical considerations, PPARalpha 
both have large (-1300 A^) Y-sh29)ed ligand-binding sites located within the bottom half 
of the LBD, requiring hydrogm bond interaction with Tyr 473 for transcriptional 
activation. Ih contrast, an inactivating ligand is one which binds witii high affinity to the 
PPAR LBD without hydrogen-bonding interactions with Tyr 473, and £ulure to 
transactivate tiie transcriptional machinecy. In this latter case, a ^edfic inactivating 
compo\mA that also covalently binds to a cysteine residue in the receptor, can non- 
conq>etitively and irreversibly block receptor activation. In both the apo and ligand- 
bouttd structures of PPARgamma, the AF-2 helix adopts a conformation similar to other 
ligand-bound nuclear receptors (Weatherman et al., 1999;68, 559-581). 
[0062] In another aspect, the present invention discloses methods for activating or 
deactivating a nuclear receptor by covalentiy linking a Ugand to the LBD. One method 
disclosed herein is the strategic incorporation a thiol group in the ligand such that it is 
capable of forming a disulfide bridge with the sulfhydryl groxip of a cysteine residue in 
the nuclear receptor I£D. A second method disclosed herein is the strategic incoiporation 
of a halogenated pyridyl group at the tail-end terminus of the ligand such the pyridine 
ring is capable of forming a covalent bond with the sulfhydryl group of a cysteine residue 
in the nuclear receptor LBD. 

[0063] hi another aspect the present invention discloses methods tiiat provide for 
optimal binding to the PPAR LBD, and relates to specific geometric constraints on the 
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ligand. These constraints consist of ang^la^ torsion, i.e. a bend, in the ligand at an optimal 
distance from the head group. As discussed above, the PPAR LBD contains an overall 
fold similar to other nuclear receptor structures from helix 3 to the C-terminus. The 
conformation of the PPAR LBD is such that a ligand must clear the helix-3 fold in order 
to fit within the LBD. Geometrically^ this reqvures a twist or torsional bend in the ligand 
molecule, and can be accomplished by inserting a chemical gixmp cq)able of indudng 
required angular flexion in the molecule. 

[0064] The torsional angle is measured by examining computer models of 
rosiglitozone in PPARgamma, a selective tfaiazolidinedione daivatrve that has a low 
EC50 for PPARgamma transactivation (< 1 nM, as measured by FRET analysis) {see 
U.S. Pat No: 6,127,394). Based on structural considerations, the intra-ligand torsion 
angle is optimally 45 to 85 degrees witti a torsion angle of 60 to 70 degrees preferred 
Examples of preferred chemical groups capable of inducing the required intra-molecular 
torsion are one or more of the following: cis-<:=C-, cis-C=C-C=C-, -C=0 (caibonyl), - 
CONH- (amide), substituted or unsubstituted phenyl, substituted or nnsubstituted cis- 
cycIopropyL 

[0065] Also based on molecular modeling and stractural considerations, the lower 
limit of the distance (di) between the headgrox^ of the ligand and the apex of the torsion 
angle is optionally 3.5 Angstroms, with 4.0 Angstroms preferred, hi one embodiment, 
ligands include chemical substituents that can effect formation of a covalent bond with a 
cysteine in the Ugand binding domain. 

[0066] Ih another aspect, the present invention relates to methods of associating a 
particular disease or condition with a particular nuclear receptor, for example, the nuclear 
receptor PPARgamma. By associating, is meant that a particular disease or condition can 
be treated by administration of a compound of this invention that activates or deactivates 
the particular nuclear receptor. As used herein, and as well-understood in the art, 
"treatment" is an approach for obtaining beneficial or desired results, including clinical 
results. For purposes of this invention, beneficial or desired clinical results include, but 
are not limited to, alleviation or amelioration of one or more symptoms, diminishment of 
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extent of disease, stabilized (i.e., not worsening) state of disease, preventing spread of 
disease, delay or slowing of disease progression, amelioration or palliation of the disease 
state, and remission (whether partial or total), whether detectable or undetectable. 
100671 In another a^ect, the present invention provides for a method of treating a 
nuclear receptor-mediated disease or condition by adnunistration of a compound of this 
invention that activates or deactivates the particular nuclear receptor by covalently 
modiQing the nuclear recq>tor through formation of a covalmt bond between the 
sulfhydryl group or the substituted pyridine of the ligand and a cysteine residue in the 
nuclear recq>tor. Preferred compounds of this invention are capable of binding to the 
LBD of a particular nuclear receptor and forming a covalent bond with a cysteine residue 
therein. 

[0068] A Ubraryofcompounds having formulae described herein can be prq>ared. 
The binding ajQBnity of a compound of this invention to a particular recqptor can be 
determined using well-desadbed binding assays- The ability of a conq)Ound of this 
invention to activate a particular receptor can also be determined using well-described 
transcriptional activation assays. 

[0069] In one embodiment, a method for designing a compound that is an L-shaped 
ligand molecule capable of binding to at least one of PPAR-ot, 6, and y, is provided. In 
one mibodiment, the method includes: 

identifying at least one ligand binding domain (LBD) in a selected PPAR; 

selecting at least a first chemical group capable of binding to the LBD of the 

PPAR; 

selecting a second chemical group capable of interacting with at least one 
amino acid in the LBD to have an effect on transcription mediated by the PPAR; and 

determining a formula of an L-shaped ligand molecule wherein the L-sh^)ed 
ligand molecule comprises a first leg section and a second leg section, the first leg section 
comprising the first chemical group that binds the LBD of the PPAR, and the second leg * 
section comprising the second chemical group which interacts with an amino acid on the 
PPAR, and further whorein the first and second leg sections of the L-shq)ed ligand 
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molecule are connected at an elbow atom common to both legs such that the first and 
second legs are cq>able of oiienting in a conformation which creates an angle of about 80 
to 110 degrees between the first and second legs. 

[0070] Optionally; the method can also include synthesizing the Irshaped ligand 
molecule and determining its ability to bind to at least one of PPAR-o, 5, and y. 
10071] The LBD of the PEAR may comprise a cysteine residue. The first chemical 
group may comprise a thiol which is capable of forming a disulfide linkage with the 
cysteine residue in the LBD. The first leg section of the L-shaped Ugand molecule may 
comprise a lipophiUc terminal group that promotes binding to an active site of a PPAR 
isoform. The first chemical group may comprise a halogen-substituted pyridine group 
which which is capable of forming a covalent linkage with the cysteine residue in the 
LBD. 

[0072] Interaction of the amino acid of the LBD with a second chemical group on the 
L-shaped ligand molecule may be via hydrogen bonding. The compound may be an 
activating ligand that binds the PPAR, and a second chemical groiq) on the L-shaped 
ligand molecule may interact with a Tyr473 residue on the PPAR. 
[0073] The L-shaped ligand molecule may be an inactivating ligand that biads the 
PPAR, wherein the second chemical groiq) on the L-shsped ligand molecule does not 
interact with a Tyr473 residue on the PPAR Further, an L-sh^ed ligand molecule may 
be designed for optimal binding to a PPAR LBD by determining at least one geometric 
constraint on the ligand. Optionally, the L-^iaped ligand molecule is an agonist of the 
PPAR or an antagonist of the PPAR. 

[0074] hi another embodimrat, a computer-assisted method for designing an L^ 
shaped ligand molecule specific for at least one of PPAR-a, 5, and y, using a 
programmable conqputer including a processor, an input device, and an output device is 
provided. The method comprises in one embodiment: 

(a) inputting into the programmable computer, through the input device, data 
iacluding the identity of at least one Ugand binding domain (LBD) in the selected PPAR; 

(b) determining, using the processor, the identity of at least a first chemical 
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group capable of binding to the LBD of the PPAE; 

(c) determining, using the processor, the identity of a second chemical group 
capable of interacting with at least one amino acid in the LBD to have an eflFect on 
transcription mediated by the PPAR; and 

(d) outputdng, to the output device, the formula of an L-shaped ligand 
molecule wherein the L-shaped ligand molecule comprises a first leg section comprising 
the first chemical group which binds the LBD of the PPAR, and a second leg section 
comprising the second chemical group which interacts with an amino acid on a PPAR, 
and fiuther wherein the first and second leg sections of the ligand molecule are connected 
at an elbow atom common to both leg sections, such that the first and second leg sections 
are enable of orienting in a conformation with an angle of about 80 to 110 degrees with 
respect to each other. The L-shaped ligand molecule may be designed for optimal binding 
to a PPAR LBD by determining at least one geometric constraint on the molecule. 
[0075] Another method for designing an L-shaped ligand molecule capsble of 
binding to at least one ofPPAR-o, 5, y is provided. The method con3prises identifymg ah 
L-shq)ed molecule conq)rising a first leg section Li and a second leg section L2 wherein 
the longitudinal axes of L] and L2 a;e connected by a shared elbow atom c, wherein: 

(a) Li and L2 are cspable of assuming approximately linear extended 
conformations wherein Li and L2 are independently each about 9-13 A in length; 

(b) leg sections Li and Lz are connected at the elbow atom c such that the first 
and second leg sections are enable of oriotiting in a conformation which creates an angle 
of about 80 to 110 degrees between the first and second legs; 

(c) a terminus of Li contains an acidic moiety of pKa between 4 and 6, and has 
acceptor atoms c£^able of hydrogen-bonding; and 

(d) a terminus of L2 contains a moiety selected firom the group consisting of a 
basic moiety, an acidic moiety, functional groups of varying polarity, and a neutral 
hydrocarbon moiety. Optionally, the angle between leg sections Li and Li is about 90 
degrees. 
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[0076] The L-shaped ligand molecules identified by the method described herein are 
optionally synthesized, and optionally tested for an ability to bind at least one of PPAR-o, 
8, and y or PPAR isofonns. Optionally, Li and L2 independently are about 11-12 A. 
Optionally, Li is about 11.1 A and L2 is about 11.4A. 

[0077] Optionally, an L-sh^ed ligand molecule is designed that is enable of 
assuming a configuration herein a torsional dihedral angle is generated by atoms a-b-c- 
d of the molecule, wherem atoms a and b are adjacent connected atoms in leg section Li, 
atom b is coimected to elbow atom c, and atom c is connected to atom d in leg section L2, 
furtiier wherein: 

a dihedral angle between aplane containing the atoms a, b and c and aplane 
containing the atoms b, c and d is between 45 and 85 degrees; and 

a distance 60m an Li head group acid proton to an £^x of the dihedral angle 
is at least about 3. 5 A. 

[0078] In one embodiment, the invention relates to L-shaped molecules designed by 
the method discussed in the preceeding section tbat are ligands for PPAR-ol, 5, or y or any 
combination of isoforms wherein each leg, Li and L2 (as shown, for example, in Schemes 
la and 2a), of the I^shaped molecule is of approximately the same lengfli, about 9-13 A, 
preferably 11-12 A, and optimally Li is ILl A and L2 is 11.4 A respectively. M one 
embodiment, Li and L2 comprise chemical moieties that are in approximately linear 
extended conformations, and Li and L2 are connected at an elbow atom c such that Li and 
L2 can adopt an L ^bapo. The first non-H atom at which one side chain Li deviates 
significantly finom a straight line and traverses in an proximately 90° angle e.g., 80-110^ 
down L2 is c, and the angle betweeu chains is called pi, describing the elbow of this L 
(Schmie la). This angle pi is a geometric angle using the long axes of the Li and L2 Ipgs 
ofL. 

[00791 However, another measurement of use is the torsional angle theta gwerated 
by the elbow atom c, and atom d of L2 adjacent to atom c, and two adjacent atoms a andb 
of Li wherein atom a is also adjacent to elbow atom c, where the dihedral angle between 
the plane containing the atoms a, b and c and the plane containing the atoms b, c and d is 
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between 45 and 85 degrees, e.g. 60-70 degrees. An angle theta of 60"* is optimal. An 
acceptable distance finom the Li head group acid proton and the torsion angle apex is 
about 4 A and a TniniTnum distance of 3.5 A . The terminus of Li in one embodunent 
contains an acidic moiety of pKa ^proximately 4-6, and has acceptor atoms capable of 
hydrogen-bonding (e.g. S, N or O atoms). The terminus of L2 can for example contain 
either a basic moiety OpKa - 7-12), an acidic moiety (pKa --4-6), functional groups of 
varying polarity (variable pKa), or a neutral hydrocarbon moiety (aryl, alkyl, alkenyl, 
alkynyl). L shaped conq>ounds wherein the L2 length is shortened by ~ 3 A, can have 
poor activity as a result of the terminal ring making severe stereoelectoonic interaction 
with Ile-341 in the PPAR-y receptor (Figure 4). A larger ligand substituent in proximity 
to Ile-341 would clearly create a significantiy unfavorable thermodynamic interaction. 




S-Pyridni-4>yli)eiitiiioie add 

Scheme la* 
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Scheme 2a 

[0080] In another embodiment the compounds are L shaped, wherein the L2 length is 
shortenedby 6-10 A. These will have good activity as a result of the feet that the 
interaction with Ile-341 cannot occur (Scheme 2a)- 

[0081] hi another embodiment of the compound, the terminal group for Li is the acid 
proton of a 2,S-thiazolidinedione which, together with the other heteioatoms of the TZD 
ring, makes contacts with His-449, His-323; Tyr-473; Ser-289; and Ghi-286 foiming a 
network of hydrogen bonds. 

[0082] In another embodiment of the compound, the terminal grot^ for Li is any add 
group capable of donating and accepting H4)onds to this compleK of His-449, Hi&-323 
and Tyr-473. 

[0083] hi another embodiment of the compound, the terminal group for L2 is a 
pyridyl N of a 1,4-substituted pyridine. 

[0084] In another embodim^ of the compound, the tmninal group for L2 is a 
pyridyl N of a 1,3-substituted pjoidine. 

[0085] hi another embodiment of the compound, the terminal group for L2 is a 
pyridyl N of a 1 ^-substituted pyridine. 

[0086] In another embodiment of the compound, the terminal group for L2 is any 
mono or bicyclic aromatic heterocycle. 
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[0Q87J In another embodiment of the compound, the terminal groiq) for L2 is any 
mono or bicyclic heterocycle, subject to size restrictions in the PPAR isofonns Lz 
terminal pocket 

[0088] In another embodiment of the compound^ the elbow atom c connecting L] and 
L2 is contained within an N-metfayl amide. 

[0089] In another embodiment of the compound, the elbow atom c connecting Li and 
L2 is contained within a cis-double bond (Scheme 3a). 




Scheme 3a 

[0090] In another embodiment of the compound, the elbow atom c connecting Li and 

L2 is contained within a cis-disubstituted cyclopropyl ring (Scheme 3a). 

[0091] In another embodiment of the compound, the elbow atom c connecting Li and 

L2 is contained within a or&o-disubstituted benzenoid or heterocycle (Scheme 4a). 

[0092] Li anoflier embodiment of the compound, the elbow atom c connecting Li and 

L2 is contained within a meta-disubstitated benzenoid or heterocycle. 

[0093] In ano&er embodiment of the compound, the elbow atom c coimecting L] and 

L2 is contained within a para-disubstituted benzenoid or heterocycle such as ortho- 

disubstitated benzenoid (6) or heterocycle (furanoid, 7) as shown below . 
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Scheme 4a 



[0094] In another embodunent of the coiDpoundy bofh Li and L2 are identical, as 
shown below in Scheme 5a: 




Scheme 5a 



[0095] hi another embpdimmt of the compound, Li and L2 are closely similar, using 
an int^mediate for Li 10 as L2 U, i.e. compound 9 in Scheme 6a. Synthesis of Li (11) for 
compound 8 is accomplii^ed by reduction of compound 10. Coupling of 10 and 11 gives 
compound 9, a dehydro-analogue of compound 8. 
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b)DCC;DCM; 
then ainaio4iiiide 
fiomlO 




McNHCHjCHjNHMe 

Scheme 6a. 

[0096] Id another embodiment of the compound, the Li TZD ring is replaced with a 
hetenx^yclic ring (Ar) sudhi as a 2, 3 or 4 pyxidyl ring. (Scheme 7a). 




c^., Ar » 2, 3 or 4 pyridyl ring 

Scheme 7a 



[0097] hi another embodiment of tbo confound, tiie terminal groiip for Lz is a 
sutfiiydryl SH, with either one or two methylene atoms separating the SH fi?om the amide 
carbonyl, for example compound 3 in Scheme 2a. The SH of compound 3 may form a 
covalent disulfide bridge to PPARy. Some exaaq)les such as Cis-olefin or meta-aromatic 
elbows connecting sulfhydryl termim^ L2 domain to the Li domain, are shown in 
Scheme 8a. 
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Scheme 8a 

[00981 In another embodiment of the conipoimd, there are no aromatic rings and they 
resCTible natural ligands, such as conrpound 13, i.e- 5-(ll-Merc^to-imdec-7-enyl)- 
thiazolidine-2,4-dione. 

[0099] In anotho* embodiment of the compoimd, there is only one central elbow 
aromatic ring and otherwise resemble natural ligands, such as compound 14. 
[0100] In another embodiment of the compound, the tenninal SH is converted to a 
prodrug for oral bioavailability (oral administration), and to promote formulation 
stabihty. Examples include thioesters, thiocarbonates, thiourethanes, thioethers, and 
others. 

[0101] In another embodiment of the compound, the aforementioned elbow moiety, 
whose centroid is for example, approximately equidistant from the termini of either Li or 
L2, is chosen from the group of scaffolds shown in Scheme 9a . Each Li and L2 group 
may be connected to the scaffolds via free NH or OH groups. For the 6-membered 
aromatic scaffolds, the groups X, Y, Z, Q can be optionally selected from N, CH, CR, C- 
OH, C-Ar, C-NR3R4, C-halogen, and so on. For the 5-membered aromatic rings, X, Y 
and Z are selected optionally from CH, CR, CAr, COH, C-halogen, NH, N, NR, S, O and 
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SO OIL For the nonaromatic rings, only Y and Z are selected optionally from CH2, CHR, 
CR3R4, CHAr, CHOH, CH-halogen, NH, S, O, and may contain unsatuations in differing 
locations. For acyclic scaffolds, diamines, aminoalcohols, diols, diacids and the like of 
varying chain length withn = 2bemg preferred are also shown in Scheme 9a. 
(01021 



R2NH FtzNW 



R2NFI 



R2NH RjNH 



R2NH R2NIH 



V V ■ V W V V V . 

R2NH R2NH RjN^ OH OH OH OH 

RaNH^^NHRn R2NH i^H jy^H^^OH R2NH hO 



hNHR, hoH A A A P 

R2NH RjNH OH R2NH NHRi R2NH OH HO OH RjNH 



NH 



[— NH 

j— I ^COOH HOOC~~!i^COOH RjNHtCHzjr^HRi R2NH{CH2)riOH HO(CH2)„OH 
^ OOOM 



Scheme 9a. 



[0103] In one embodiment, the compounds shown in Figure 5 are provided wherein: 
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X is H, halogen, -CH3, -OCH3, -NH2, or -NO2; 
Y is H, halogen, -CH3, -OCHa, -NH2, or -NO2; 
n is Ci^ alkyi; 

Ri is H, Ci^ alkyl, at phenyl optionally substituted with 1 or 2 groiqys 
selected fromCi.3 alkoxy, and halogen. Prefixed compounds of this 
invention are capable of binding to the ligand binding domain of a nuclear 
receptor and fonning a covalent bond with a cysteine residue of the 
recq)tor; 

preferably Ri is -CH3; and 

R2 is a hydrophobic organic group with molecular weight less than 500 
Daltons; 

preferably, X and Y are indq>eadently CI, F or Br, most preferably, X is 
CI; 

or R2 is Ci-3 alkenyl-adamantyl; 

R3 is H, mono-substituted or unsubstituted phenyl, or C1.3 alkyl, oxygen, 

or a direct link; 

most preferably R3 is oxygen. 

[0104] Prefeired compounds are equable of binding to the LBD of a nuclear receptor 
and forming a covalent bond with a cystdne residue of the recq>tor. Preferred 
compoimds with a suitable parent pKi (for inhibition or deactivation) or pKa (for 
activation), where pKi > 5, preferably > 7 for deactivatioj^ and pKn > 5, preferably > 7 
for activation. 

[0105] The present invention provides a method for the treatment of a nuclear 
receptor-mediated disease or condition by administration of a compound that activates or 
deactivates the particular receptor that is associated with said disease or condition, using 
the methods described in this invention. 

[0106] With reference to structure 3 in Figure 6, for a ligand to bind to the 
PPARgamma LBD and activate transcription, the ligand requires a head group with 
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c^ability of fonning H-bond interaction with ffis449, His323, and Tyr473 in the AF-2 
helix. Ideally, the head group should be 2.5A from a central aromatic ring (distance 
between 1 and 2), which occupies a narrow pocket between Cys285 and Met364. The 
aromatic ring resides over the helix-3. The oxygen atom (3) and the amide functionaUty 
(4) provide a vital geometry to the tail (lipoate group) through the carbon linkers with a 
torsion angle of 64 J degrees, as shown abovie. 

[0107] The distances and the angles are determmed by molecular modeling by 
methods familiar to those skilled m the art The PPAR structure and ligands can be 
downloaded from the Proteinn Data Bank on the World Wide Web. HJM. Berman, J , 
Westbrook, Z. Feng, G, Gilliland, TJ^. Bhat, H. Weissig, LN. Shindyalov, P.E. 
Boume:The Protein Data Bank, Nucleic Acids Research, 28 pp. 235-242 (2000). 
(01 08] The PPAR structure and ligands can be visualized using commeicially 
available software such as Swiss-PdbViewer (GlaxoSmithKline, Geneva, Switzerland) or 
RasMol (Biomolecular Structures Group, Glaxo Wellcome Research & Development 
Stevenage, Hertfordshire, UK) (e.g., WinRas/WinTop) on for example a PC platform. 
[0109] Structure 1 in Figure 6 rq>resent5 a case where a benzene ring could provide- 
the desired bend, i.e. the required torsional constraint in the molecule by virtue of the 
substitution (meta) pattan. The benzene ring is shown between the carbons numbered 3 
and 5. 

[01 10] Structure 2 in Figure 6 rq)resents a similar case, but ttie benzene ring is now 
located between the carbons numbered 5 and 7. The required torsiorial constraint or bend 
in the molecule is conferred by virtue of the substitution (meta) pattern. Thus, position of 
the bend in the molecule can be altered by strategic placement a benzene ring. The 
benzene ring is optionally substituted in any unoccupied position; wherein the substituent 
group is selected from the group consisting of one or more of the following: hydrogen, 
hydroxy, methyl, halogen, methoxy, ethoxy, alkyl, aryl, and arylalkyl 
[0111] The torsional constraints shown in the examples above allows the ligand to 
traverse helix 3 thereby providing a better and tighter fit within the LED of the receptor. 
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According to tbe present invention, these compounds would have a higher afiSnity for the 
particular PP AR receptor. 

Compounds According to the Invention 

[01 12] Exemplary compounds capable of interacting with PPAR receptors iaclude 
the following: 

Case 1 represents compounds of the formula: 

l(C)a(CH=CHyC)J,„ l(C)d(CH=CHyC)t|„ [(C)h(CH=CHMC)jJq 

R2 V3 R4 R5 ^\ fC\, Rio '^ll 

whaein the following apply: 

a = 0-8; c = 0-8; d = 0-8; f = 0-8; h = 0-8; k = 0-8. 

b = 0^; e = 0-4; i = 0-4 (wheal b, e or i are =1 , double bonds are either E 

or Z; whCTL b, e or i are >1, any mixture ofE or Z diastereomers is 

possible). 

m = 0-4; n = 0-4; q = 0-4. 

n = 0, 1 ; r= 0, 1; p = 0, 1; s = 0, 1; t = 0, 1; o = 0, 1. 

R = cycloalkyl, hetaxxyycloalkyl, fillqi, aiyl, heteroaryl, RsNH, R6R7N, 

RgS, R«SO, R«S02, lUSOiNH, RsSOjNRfc RioCO, RjoOCO, RioNHCO, 

RioRiiNCO, RuO, R13SCO, R,4NCONHRi5, R8NSO2NH, RgNSCbNR* 

RioNCO, R10OCONR16, RioNHCO, RioRjiNCO, RjaSCONRn. 

A=0,S. 

rI - R» = indq>OTdeatly H, optionally substituted alkyl, cycloalkyl, 
alkylcycloalkyl, arylalk>^ aiyl, heteroaryl, heterocyclic, alkjdheteroaiyl, 
alkylheterocyclic. 
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W = O, NH, NR', S, -S-S-, Rot Sot racemic -S(lone pair)0-, -SO2-, - 

SONH-, -NHSO-, -NR'SO-, -SONR'-, -SO2NH-, -NHSO2-. -NR'SOzS - 

SO2NR'-, -SO3- (sulfonate), CO, -NHNH-, -N=N-, -NHO-, -ONH-; - 

ONR'; NR'O-, EotZ -CH=CH-; -C CH.2; -ONs 

G = O, NH, NR\ S» -S-S-, R or Sot racemic SQiant pair)0-, -SO2-, - 

SONH-, -NHSO-, -NR'SO-, -SONR'-, -SO2NH-, -NHSO2-, -NR'SOj-; - 

SO2NR'-, -SO3- (sulfonate), C=0, -NHNH-, -^^N-, -NHO-, -ONH-; - 

ONR*; NR'O-, £ or Z -CH=CHs -C CHa; -C=N-; 

E = O, NH, NR", S, -S-S-, Rot Sot racemic -S(lone pair)0-, -SO2-, - 

SONH-, -NHSO-, -NR'SO-, -SONR'-, -SO2NH-, -NHSO2-, -NR'SOj-; - 

SO2NR'-, -SO3- (sulfonate), OO, -NHNH-, -N=N-, -NHO-, -ONH-; - 

ONR'; NR'O-, £ or Z -CH=CH-; -C ^-; CH2; -C=N-; 

J = O, NH, NR' (e.g. N-Me), S, -S-S-, i? or 5 or racemic -SGone pair)0-, - 

SO2-, -SONH-, -NHSO-, -NR'SO-, -SONR'-, -SO2NH-, -NHSO2-, - 

NR'SOz-; -SO2NR'-, -SO3- (sulfonate), C=0, -NHNH-, -N=N-, -NHO-, - 

ONH-; -ONR' ; NR'O-, E or Z -CH=CH-; -C sC-; CH2; -C=N- 

X = H, halogen, OR', O, NH, NR', S, -S-S-, Rot Sot racemic -S(lone 

pair)0-, -SO2-, -S0NH-, -NHSO-, -NR'SO-, -SONR'-, -SO2NH-, - 

NHSO2-, -NR'SOr; -SO2NR'-, -SO3- (sulfonate), C=0, -NHNH-, -N=N-, 

-NHO-, -ONH-; -ONR' ; NR' 0-, £ or Z -CH=CH-; -C hC-; CH2; -C=N-, 

with X attached either meta or pca-a. 

Y = H, O, OR' , NH, NR' , S, -S-S-, i? or 5 or racemic -S(lone pair)=0-, - 
SO2-, -SONH-, -NHSO-, -NR'SO-, -SONR'-, -SO2NH-, -NHSO2-, - 
NR'SOr; -SO2NR'-, -SO3- (sulfonate), C=0, -NHNH-, -N=N-, -NHO-, - 
ONH-; -ONR'; NR'O-, E orZ-CH=CH-; -CsC-; CH2; -ON-, with Y 
attached either meta or para. 

Q,LMt V, ot, and U are any combination of Q = CH, N, N-oxide; L, = 
CH, N, N-oxide; M = CH, N, N-oxide, V = CH, N, N-oxide, a = CH, N, 
N-oxide, and U = CH, N and N-oxide; where the point of attachment of Y 
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and X are usually via carbon atoms in the central ring. When X == OH and 
L = N, a 2- or 4-pyridinol is indicated, which automatically includes the 
keto-tautomers, the 2- and 4- pyridones. The side chain (Y p) can be 
attached via the pyridone N» or at one of the remaining positions. Also» 
the ring can foe foenzenoid, pyridinoid, pyrimidinoid, and so on where 
benzenoid is preferred. 

Z = CO2R*; Rot Sot racemic 5-substituted-thiazolidine-2,4-<iione; RotS 
or racemic 3-substituted-pyrroHdine-2,5-dione; all diastereomers of 3,4- 
disubstituted-pyrn)lidine-2,5-dione; or iS^or racenuc 4-substitated- 
azetidine-2-one; Rot Sot racemic 3-substituted-azetidine-2-one; all 
diast»?eomers of 3»4-disubstituted-azetidine-2-one; 3*sub5tituted- 
azetidine-2,4-dione; l-substituted-13-diazetidine-2,4-dione; 1-substituted- 
1 ^-diazetidine-2-one; all diastereomers of 1 ,4-disubstituted-l 3- 
diazetidine-2-one; 5-sub5tituted-2,4-dihydro-[l,2,4]triazol-3-one; 4- 
hydroxy-5-substituted-l ;2-dihydro-pyrazol-3-one; 4-alkoxy-5-substituted- 
l^-dihydro-pyrazol-3-one; 4-alkoxy-substituted-l^Klihydro-pyrazol'3- 
one; 5-substituted-2H-pyrazole-3,4-dione; 5-substituted-imidazole-2,4- 
dione; 3-substituted-pyrTole-2,5-dione; 3-Hydroxy-4-substituted-pyrrole- 
2,5-dione; 3-alkoxy-4-substituted-pyrrole-2,5H3ione; 3-alkoxy-substituted- 
pyrrole-2,5-<iione; 5-substituted-oxazolidine-2,4-dione; 5-substituted- 
iniidazolidine-2,4-dione; 5-substituted-l,2-dihydro-pyrazol-3-one; 5- 
substituted-2H-tetrazole; 4-substituted-2H-[i;2,3]triazole; 3-siibstituted- 
lH-[l^,4]triazole; R or S or racemic 5-substituted-3,5-dihydro- 
[i;i,3]triazol-4-one; 5-substituted-23-dihydro-[l^,3]triazol-4-one; R or S 
or mcemic 4-substituted-pyrazolidine-3,5-dione; 4-substituted- 
[l,2,4]triazolidine-3,5-dione. Also, all benzo-fused examples of the above 
monocycles such as, but not limited to: 2, 3, 4 or S-substituted-isoindole- 
1,3-dione; 3, 4 or 5-substituted-l,2-dihydro-indazol-3-one; 3, 4 or 5- 
substituted-2H-benzotriazole, and so on. 
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[01 13] Case 2 represents compounds of the fonnula: 
R 



(G^ (W)r (J)f 




[{CUCH=CH)b(C)c]„ [{C)d(GH=CH)e(C)tl„ [(C)h(CH=CH),(C)Jp 

R2 R3 R4 R5 V Ra \ R« ^Rii R« \i3 



wherein the following apply. 

a = 0-8; c = 0-8; d = 0-8; f = 0-8; h = 0-8; k = 0-8. 
. b = 0-4; e = 0-4; i = 0-4 (when b, e or i are =1, double bonds are eitiier E 

or Z; when b, e or i are >1, any mixture of £ or Z diastoreomers is , 
possible). 

m = 0-4; n = 0-4; q = 0-4. 

u = 0, l;r = O,l;p = O,l;s = 0, l;t = 0, l;o = 0, 1. 

R = cycloalkyl, heterocycloalkyi, alkyl, aryl, hrferoarjd, ReNH, R^RtN, 

RsS, RgSO, RgSQz, R8SO2NH, RgSOiNR,, RioCO, R,oOCX), RioNHCO, 

RioRiiNCO, RiaO, R13SCO, R14NCOISIHR15, RgNSOzNH, RsNSOiNR^, 

RioNCO, R,oOCONR,6, RioNHCO, R,oRnNCO, R13SCONR17. 

A = 0,S. 

- R" = indq)endently H, optionally substituted alk^ cycloalkyl, 
aO^lcycloalkyl, arylalkyl, aryl, hetooaryl, het^iocyclic, alkylheteroaryl, 
alkylbeterocyclic. 

W = O, NH, NR' , S, -S-S-, J? or .S or racemic -SOone pair)0-, -SC^-, - 
SONH-, -NHSO-, -NR'SO-, -SONR'-, -SO2NH-, -NHSO2-, -NR'S02-; - 
SO2NR'-, -SO3- (sulfonate), OO, -NHNH-, -N=N-, -NHO-, -ONH-; - 
ONR'; NR'O-, E orZ-CH<3I-; -C^-; CH2; -C=N-; G = O, NH, 1sIR\ 
S, -S-S-, Rot Sot racemic -SOone pair)0-, -SO2-, -SONH-, -NHSO, - 
NR'SO-, -SONR'-, -SO2NH-, -NHSO2-, -NR'SOz-; -SOjNR'-, -SO3- 
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(sulfonate), CO, -NHNH-, -N=N-, -NHO-, -ONH-; -ONR'; NR'O-, E or 
Z -CH=CH-; -C CH2; -ON-; E = O, NH, NR', S, -S-S-, R or Sox 
racemic -S(lone pair)0-, -SO2-, -SONH-, -NHSO-, -NR'SO-, -SONR'-, - 
SO2NH-, -NHSO2-, -NR'SOzs -SO2NR'-, -SO3- (sulfonate), C=0, - 
NHNH-, -N=N-, -NHO-, -ONH-; -ONR'; NR'O-, EatZ -CH=CHs - 
cm:-; CH2; -C=N-; J= O, NH, NR' (e.g. N-Me), S, -S-S-, R orSar 
racemic -SClone pair)0-, -SOr, -SONH-, -NHSO-, -l^'SO, -SONR*-, - 
SO2NH-, -NHSO2-, -NR'SCV; -SO2NR'-, -SQj- (sulfonate), C=0, - 
NHNH-, -N=N-, -MHO-, -ONH-; -OMR'; NR*0-, EorZ -CH=CH-; - 
C^;CH2;-0=N- 

X = H, halogen, OR*, O, NH, NR', S, -S-S-, Rot Scar racemic -SGone 
pair)0-, -SOr, -SONH-, -NHSO-, -NR'SO-, -SONR*-, -SO2NH-, - 
NHSO2-, -NR'SOr; -SO2NR'-, -SO3- (sulfonate), C=0, -NHNH-, -N=N-, 
-NHO-, -ONH-; -ONR*; NR'O-, EatZ -CH=CH-; -C ^-; CH2; -C=N-, 
with X attached eitho* meta or para, 

Y = H, O, or}, NH, NR', S, -S-S-, if or .S or racemic -S(lone pair)=0-, - 
SO2-, -S0NH-, -NHSO-, -NR^SO-, -SONR'-, -SO2NH-, -NHSO2-, - 
NR'S02-; -SO2NR'-, -SO3- (sulfonate), C=0, -NHNH-, -N=N-, -NHO-, - 
ONH-; -ONR'; NR'O-, EotZ -CH=CH-; -C^-; CH2; -C=N- , with Y 
attached either meta or para. 

QJL^y and U are any combination of Q = CH, N, N-oxide; L = C=0, 
O, S, -:S0-, SO2, N, NR, NH, N-oxide; M - CH, N, N-oxide, U = CH, N 
and N-oxide; and V = CH, N and N-oxide; where the point of attachment 
of Y and X are usually, but not necessarily, via carbon atoms in the central 
ring. When X = OH and L = N, a 2- or 3-pyrrolinol is indicated, which 
automatically includes the keto-tautomers, the l,5-dihydropyrrol-2-one 
and l,2-dihydropytrol-3-one. The side dudn (Yp) can be attached via the 
pynolone N, or at one of the remaining positions. Also, the ring can 
contain multiple heteroatoms such as would be the case fon thiazoles, 
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isothiazoles, oxazoles, isoxazoles, histidines, pyrrazoles, triazoles, 
tetrazoles, and so on, where thiazole or isothiazole is preferred. 
Z = COzR^ ; Rot Sot racemic 5-substituted-thia2olidine-2,4-dione; RoiS 
or racemic 3-substituted-pyrrolidine-2,S-dione; all diastereomers of 3,4- 
disubstituted-pyrrolidme-2,5-d]one; Rot Sot racemic 4-substituted- 
azetidine-2-one; Rot Sot racemic 3-substituted'-azetidin&-2-one; all 
diastereomers of 3,4-disubstituted-a2etidine-2-one; 3-substituted- 
azetid]ne-2,4-dione; l-5iibstituted-1^3-diazetidine-2,4-dione; 1 -substituted- 
l,3-diazetidine-2-one; all diastereomers of l,4-disubstituted-l,3- 
diazet^dine-2-one; 5-substituted-2,4Hiihydro-[l,2,4]tria2ol--3-one; 4- 
faydroxy-S-substituted- 1 ,2-diliydro-pyrazoI-3-one; 4-alkoxy-5-substituted- 
l^-dihydro-pyrazol-3-one; 4-alkoxy-substituted-l,2-dihydro-pyra2ol-3- 
one; 5-substituted-2H-pyrazole-3^4-dione; 5-substituted-imidazole-2,4- 
dione; 3-substituted-pyrTole-2,S-dione; 3-Hydroxy-4-substituted-pyrrole- 
2,5-dione; 3-a]koxy-4-substituted-pyrrole-2,5-dione; 3-alkoxy-substituted- 
pyrrole-2,5-dione; 5-substituted-oxazolidine-2,4-dione; 5-substituted- 
i3nidazolidine-2,4-dione; 5-substituted-l,2-diliydio-pyrazol-3-one; 5- 
substituted-2H-tetrazole; 4-substituted-2H-[l^^]tria2ole; 3-substituted- 
lH-[l^,4]triazole; R or S or racemic 5-substituted-3,5-dihydro- 
[1^3]triazoI-4-one; 5-substituted-23-dihydn}-[l^,3]triazol-4-one; R or S 
or racemic 4-substituted-pyra2olidine-3,5-dione; 4-siibstituted- 
[l^,4]triazolidine-3,5-dione. Also, all benzo-fused examples of the above 
monocycles such as, but not limited to: 2, 3, 4 or 5-substituted-isoindole- 
1,3-dione; 3, 4 or 5-substituted-l,2-dihydro-indazol-3-one; 3, 4 or 5- 
substituted-2H-benzotriazole, and so on. 
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[01 14] Case 3 represents compounds of the formula: 



R 
I 

(G)u 



(W)r-f4rc 



[(C)3(CH=CHyC)J^ 
R2 \ R4 \ 



[(C)d(CH=CH)e(C)f]n 
/ \ / \ 

f^6 R7 Rs R9 




{(C)h(CH:=CHMC)Klq 

Rio R11 R12 R 



13 



wherein the following apply: 

a = 0-8; c == 0-8; d = 0-8; f = 0-8; h = 0-8; k = 0-8. 

b = 0-4; e = 0-4; i = 0-4 (when b, e or i are =1, double bonds are eiflier E 

or Z; when b, e or i are >1, any mixture of £ or Z diastereomers is 

possible). 

m = 0-4; n = 0-4; q = 0-4. 

n = 0, l;r = 0, l;p = 0, l;s = 0, l;t = 0, l;o = 0, 1. 

R = cycloalkyl, heterocycloalkjd, alfcyi, aryl, heteroaryl, R^NH, R6R7N, 

RsS, RsSO, R«S02, R8SO2NH, RaSOzNRs* RioCO, RjoOCO, RioNHCO, 

RioRiiNCO, R12O, Ri3SCX>, R14NCONHR15, R8NSO2NH, R«NS02NR9, 

R\f^S(CO, RioOCONRifc RioNHCO, RioRiiNCO, RisSCXDNR,?. 

A = 0,S. 

- R" = indq>eQdaifly H, optionally substituted alkyl, cycloalkyl, 
alkylcycloalkyl, arylalkyl, arji, heteroaiyl, heterocyclic, aOcylbeteroaryU 
alkylhetenxryclic. 

W = O, NH, NR' , S, -S-S-, i? or 5 or racemic -SOone pair)0-, -SO2-, - 
SONHv-NHSO-, -NR'SO-, -SONR'-, -SQ2NH-, -NHSO2-, -NR'SOr; - 
SO2NR'-, -SO3- (sulfonate), OO, -M1NH-, -N«N-, -NHO-, -ONH-; - 
ONR'; NR'O, EotZ -CH=CH-; -C ^-; CH2; -ON-; G = O, NH, NR*. 
S, -S-S-, i? or 5 or raconic -S(lone pair)0-, -SO2-, -SONH-, -NHSO-, - 
NR'SO-, -SONR'-, -SO2NH-, -NHSO2-, -NR^SOa-; -SO2NR'-, -SO3- 
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(sulfonate), C=0, -NHNH-. -N=N-, -NHO-, -ONH-; -OMR'; NR'O-, £:or 
Z -C3I=CHs -C CHz; -C=Ns E = O, NH, Ml', S, -S-S-, if or .S or 
racemic -SOone pair)0-, -SO2-, -SONH-, -NHSO-, -NR'SO-, -SONR'-, - 
SO2NH-, -NHSQr, -NR'SOr; -SO2NR*-, -SO3- (sulfonate), C=0, - 
NHNH-, -N=N-, -NHO-, -ONH-; -ONR'; NR'O., E or Z-CH=CH-; - 
C^-; CH2; -ON-; J = O, NH, NR' (eg. N-Me), S, -S-S-, /? or 5 or 
racemic -SOcme pair)0, -SO2-, -SONH-, -NHSO-, -NR'SO-, -SONR'-, - 
SO2NH-, -NHSOr, -NR'SOr; -SO2NR'-, -SO3- (sulfonate), 0=0, - 
NHNH-, -N=N-, -1«0-, -ONH-; -ONR'; NR'O-, E or Z-CH=CHs - 
C^-; C3EI2; -0=N- 

X = H, halogen, OR', O, NH, NR', S, -S-S-, i? or 5 or racanic -SOone 
pair)0-, -SO2-, -SONH-, -NHSO-. -NR'SO-, -SONR'-, -SO2NH-, - 
NHSO2-, -NR'SQ2-; -SOiNR'-, -SO3- (sulfonate), OO, -NHNH-, -N=N-, 
-NHO-, -ONH-; -ONR'; NR'O-, E orZ-CH=CH-; -C^-; CH2; -C=N-, 
with X attached dlthor meta or para. 

Y = H, O, or', NH, NR', S, -S-S-, RoxSkx racemic -S(lone pair>0-, - 
SO2-, -SONH-, -NHSO-, -NR'SO-, -SONR'-, -SO2NH-, -NHSO2-, - 
NR'SOz-; -SO2NR'-, -SO3- (sulfonate), C=0, -NHNH-, -N=N-, -NHO-, - 
ONE-; -ONR' ; NR'O-, £■ or Z -CH=CH-; -C CH2; -C=N- , with Y 
attached eitha meta or para. 

Q,L,M, V, a, P and U are any combination of Q = CH, N, N-oxide; L = 
CH, N. N-oxide; M = CH, S, O, N, N-oxide. V = CH, S, O, N, N-oxide; a 
= CH, N, N-oxide; p= CH, N, S, O, N-oxide; and U = CH, N and N-oxide; 
where the point of attachment of Y and X are usually, but not necessarily, 
via carbon atoms in the c«itral ring. When X = OH and L =N, a 2- or 4- 
pyridinol is indicated, which automatically includes the keto-tautomos, 
&e 2- and 4- pyridones. The side chain (Yp) can be attadied, for example, 
via the indanoyl boizoimidazolyl N, or at one of the remaining 
positions. The ring system can at its simplest be represented by 
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benzofiised 5-membered heterocycles, such as indoles, benzoimida2x>les, 
benzopyirazoles, benzoisoxazole, benzofuran, benzotbiophene, 
ben2»xazole, benzofhiazole, benzoisofliiazole, and so on. 
Z = COiR^ i? or 5^ or racemic 5-substituted-thiazolidine-2,4-dione; RovS 
or racemic 3-substituted-pyirolidine-2^-dione; all diastereomers of 3,4- 
disubstituted-pyrrolidme-2,5-dione; J? or iS or racemic 4-substituted- 
azetidine-2-one; Rot Sot racemic 3-substituted-azetidine-2-one; all 
diastereomers of 3,4-disiibstituted-azetidiDe-2-one; 3-substituted- 
azetidiDe-2,4-dione; l-substituted-l,3-diazetidme-2,4-dione; 1-substituted- 
l,3-diazetidine-2-one; all diastereom^ of l,4-disiibstituted-l,3- 
diazetidine-2-one; 5-substituted-2,4-dihydro-[l,2,4]triazol-3-one; 4- 
hydroxy-5-substituted-l ^-dihydro-pyrazol-3-one; 4-alkoxy-5-substituted- 
1 ^-dihydro-pyrazol-3-one; 4-alkoxy-substituted-l ;2-dihydro-pyrazol-3- 
one; 5-substituted-2H-pyrazole-3,4-dione; 5-substituted-imidazole-2,4- 
dione; 3-substituted-pyrrole-2,5-dione; 3-Hydroxy-4"Substituted-pyrrole- 
2,5-dione; 3-alkoxy-4-substituted-pyrn)le-2,5-dione; 3-alkoxy-substituted- 
pyrTole-2,5-dione; 5-substituted-oxazolidine-2,4-dione; 5-substitated- 
imidazolidine-2,4-dione; 5-substituted-i;Z-dihydro-pyrazol-3-one; 5- 
substituted-2H-tetrazole; 4-substituted-.2H-[l A3]triazole; 3-substituted- 
1H-[1 A4]triazole; R or S or racemic 5-substituted-3,5-dihydro- 
[1 A3]tria2X)l-4-one; 5-substituted-2,3-dihydro-[l,2;3]triazol-4-one; R or S 
or racemic 4-substituted-pyra2olidjne-3,5-dione; 4-substitated- 
[lA4]triazolidine-3,5-dione. Also, all benzo-fused examples of the above 
monocycles such as, but not limited to: 2, 3, 4 or 5-substituted-isoindole- 
1,3-dione; 3, 4 or 5-substituted-l,2-dihydio-indazol-3-one; 3, 4 or 5- 
substituted-2H-beDZOtriazole, and so on. 
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[0115] Case 4 represents compounds of the formula: 



[(C)3(CH=CH)b(Cy„, [(C),(CH=CH)e(C),]„ 
R2 R3 R4 Rs Re R7 Ra Rj 





M 



Z 



[(C)h(CH=CH)i(C)klq 

/ \ / \ 

Rio R11 '^iz Ri3 



wherraa the following ^ply: 



a = 0-8; c = 0-8; d = 0-8; f = 0-8; h = 0-8; k = 0-8. 

b = 0-4; e = 0-4; i = 0-4 (when b, e or i are =1, double bonds are either E 

or Z; whrai b, e or i are >1, any mixture of £ or Z diastereomers is 

possible). 

m = 0-4; n = 0-4; q = 0-4. 

n = 0, l;r = 0, l;p = 0, l;s = 0, l;t = 0, l;o = 0, 1. 

R = cycloalkyl, heterocycloalkyl, alkyl, aryl, hetetparyl, R«NH, R^RtN, 

RgS, RsSO, R«S02, RsSCbNH, R8SO2NR9, RioCO, RioOCO, RioNHCO. 

RioRnNCO, RuO, R13SCO, R,4NCONHRi5, RsNSC^NH, RgNSOzNRi^ 

Ri,iNCO, R10OCOMR16, RioNHCO, RioRiiNCO, RuSCONRit. 

A = 0;S. 

R* - R*' = independently H, optionally substituted attyl, cycloalkyl, 
alkylcycloalkyl, arylalkyl, aryl, heteroaryl, hetoocyclic, alkylheteroaiyl, 
alkylheterocyclic. 

W = O, NH, NR', S, -S-S-, i? or 5 or racanic -S(lone pair)0-, -SO2-, - 
SONH-, -NHSO-, -NR'SO-, -SONR'-, -SO2NH-, -NHSO2-, -NR'SOz-; - 
SO2NR'-, -SO3- (suUonate), C=0, -NHNH-, -N=N-, -NHO-, -ONH-; - 
ONR'; NR'O-, £ or Z -CH=CH-; -C ^-; CH2; -C=N-; G = O, NH, MR*, 
S, -S-S-, i? or 5" or racemic -SOone pair)0-, -SO2-. -SONH-, -NHSO-, - 
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NR'SO-, -SONR'-, -SO2NH-. -NHSOr, -NR'SOr; -SO2NR'-, -SO3- 
(sulfonate), C=0, -Nme-, -N=N-, -NHO-, -ONH-; -OMR'; NR'O-, E or 
Z -CH<ai-; -C CH2; -ON-; E = O, NH, NR', S, -S-S-, RoiSor 
racemic -S(lone pair)0-, -SO2-, -SONH-, -NHSO-, -NR'SO-, -SONR*-, - 
SO2NH-, -NHSO2-, -NR'S02-; -SO2NR'-, -SO3- (sulfonate), OO, - 
NHNH-, -N=N-, -NHO-, -ONH-; -ONR'; NR'O-, j5orZ-CH=CHs - 
C CH2; -C=N-; J = O, ISIH, NR' (e.g. N-Me), S, -S-S-, R or Sox 
racemic -SOone pair)0-, -SO2-, -SONH-, -NHSO-, -NR'SO-, -SONR'-, - 
SO2NH-, -NHSO2-, -NR'SCb-; -SO2NR'-, -SO3- (sulfonate), C=0, - 
NHNH-, -N=N-, -NHO-, -ONH-; -ONR*; NR'O-, EorZ -CH=CH-; - 
C^-;CH2;-C=N- 

X = H, halogen, OR', O, NH, NR', S, -S-S-, or 5 or racemic SQone 
pair)0-, -SO2-, -SONH-, -NHSO-, -NR'SO-, -SONR'-, -SO2NH-, - 
NHSO2-, -NR'SOi-; -SO2NR'-, -SO3- (sulfonate), C=0, -NHNH-, -N=N-, 
-NHO-, -ONH-; -ONR'; NR'O-, EarZ -CH=CH-; -C ^-; CHj; -C=N-, 
-with X attached eifho' meta or para. 

Y = H, O, OR*, NH, NR', S, -S-S-, J? or or racemic -SGone pair)=0-, - 
SOz-, -SONH-, -NHSO-, -NR*SO-, -SONR*-, -SQ2NH-, -NHSQr, - 
NR*S02-; -SO2NR*-, -SO3- (sulfonate), OO, -NHNH-, -N=N-, -NHO-, - 
ONH-; -ONR*; NR*0-, ^ or Z -CH=CH-; -C sC-; C3H2; -C=N-., with Y 
attached dthtx meta or para. 

Q4.<,M, V, o, P, y and U are any ctHnbination of Q = CH, N, N-oxide; L = 
CH, N, N-oxide; M = CH,N, N-oxide, V = CH, N, N-oxide; a = CH, N, 
N-oxide; p = CH, N, N-oxide; y = CH. N, N-oxide; and U = CH, N and N- 
oxide; where the point of attachment of Y and X are usually via carbon 
atoms in the central ring. When X = OH and L = N, a 2- or 4-quinolinol is 
indicated, which automatically includes the keto-tautomers, the 2- and 4- 
quinolones. The side chaia (Yp) can be attached, for example, via flie 
quinolinone N, or at one of the remaining positions. The ring system can 
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at its simplest be represented by naphthalene-based heterocycles, such as 
quinolines, phthalazines, quinazines, and so on. 

Z = CO2R'; Rot Sot racemic 5-substituted-thiazolidine-2,4-dione; RotS 
or racemic 3-substituted-pyrrolidine-2,5-dione; all diastereomers of 3,4- 
disubstituted-pyrrolidine-2,5-dione; i? or iS or racemic 4-substituted- 
azetidine-2-one; i? or 5 or racemic 3-substituted-azetidine-2-one; all 
diastereomers of 3,4-disubstituted-azetidine-2-one; 3-substituted- 
a2etidine-2,4-dione; l-substituted-l,3-^a2etidine-2,4-dione; 1-substituted- 
l,3-diazetidine-2-one; all diastereomers of l,4-disubstituted-l,3- 
diazetidine-2-one; 5-substituted-2,4-dihydro-[l A4]triazol-3-one; 4- 
hydroxy-5-substituted-l^-dihydio-pyrazol-3-one; 4-alkoxy-5-substituted- 
l^-dihydro-pyrazol-3^ne; 4-alkoxy-substitiited-i;j-dihydro-pyrazol-3- 
one; 5-substituted-2H-pyrazole-3,4-dione; 5-substituted-imidazole-2,4- 
dione; 3-substituted-pyrrolfr-2,5-dione; 3-Hydroxy-4-substituted-pyrrDle- 
2,5-dione; 3-alkoxy-4-substituted-pyirole-2,5^one; 3-alkoxy-substituted- 
pyrrole-2,5-diane; 5-substituted-oxazolidine-2,4-dione; 5-substituted- 
imidazolidine-2,4-dione; 5-substituted-l^-dihydro-pyrazol-3-one; 5- 
substitirted-2H-tetrazole; 4-substituted-2H-[1^3]triazoIe; 3-substituted- 
lH-[i;2,4]triazole; R or S or racemic 5-substituted-3,5-dihydro- 
[l,23]triazol-4-one; 5-substituted-2^-dihydro-'[l,2,3]triazol-4-one; R or S 
or racemic 4-substitated-pyrazolidine-3^-<iione; 4-substituted- 
[l^,4]triazolidine-3,5-dione. Also, all benzo-fiised examples of the above 
monocycles such as, but not limited to: 2, 3, 4 or 5-substituted-isoindole- 
1,3-dione; 3, 4 or 5-substituted-l,2-dihydro-indazol-3-one; 3, 4 or 5- 
substituted-2H-benzotriazole, and so on. 
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[0116] Case 5 represents compounds of the formula: 



I 

(G)u 




z 



KCUCH=CHWC)d„ [(Cw6H=CH).((tw„ KCWCH=CHMC)J, 



wherein the following ^ly: 

a = 0-8; c =. 0-8; d = 0-8; f = 0-8; h = 0-8; k = 0-8. 

b = 0-4; e = 0-4; i = 0-4 (when b, e or i are =1, double bonds are eifber £ 

or 2; when b, e or i are >1, any mbcture of or Z diastereomos is 

possible). 

m = 0-4; n = 0-4; q = 0-4. 

a = 0,l;r = 0,l;p = 0,l;s = 0,l;t = 0,l; 0 = 0,1. 

R = cycloalkyl, h^etocycloalkyl, alltyl, aryl, heteroaiyl, R«NH, R6R7N, 

R«S, RgSO, R«S02, RjjSCbNH, R«S02NR9, RioCO, RioOCO, R,oNHCO, 

RioRiiNCO, RnO, R13SCO, Ri4NCONHR,5, R8NSO2NH. RSNSO2NR9, 

RioNCO, RioOCONRie, RioNHCO, R,oRnNCO, R13SCONR17. 

A = 0,S. 

R* - R" = independently H, optionally substituted alkyl, cycloalkyl, 
alkylcycloalkyl, arylalkyl, aryl, heteroaryl, heterocyclic, alkylheteroaryl, 
alkylheterocyclic. 

W = O, NH, MR', S, -S-S-, Rot Sot racemic -SOone pair)0-, -SO2-, - 
SONH-, -NHSO-, -NR'SO-, -SONR'-, -SO2NH-, -NHSO2-, -NR'SOz-; - 
. SO2NR'-, -SO3- (sulfonate), CO, -NHNH-, -N=N-, -NHO-, -ONH-; - 
ONR'; NR'O-, or Z -CH=CH-; -C CH2; -C=N-; G = O, MI, NR', 
S, -S-S-, or 5 or racemic -SCone pair)0-, -SO2-, -SONH-, -NHSO-, - 
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NR'SO-, -SONR'-, -SO2NH-, -NHSO2-, -NR'S02-; -SO2NR'-, -SO3- 
(sulfonate), C=0, -NHNH-, -N=N-, -NHO-, -ONH-; -ONR'; NR'O-, E or 
Z -CH=CH-; -C M:-; CH2; -C=Ns E = O, NH, NR', S, -S-S-, R ox Sot 
racemic-SOone pair)0, -SO2-, -SONH-, -NHSO-, -NR'SO-, -SQNR'-, - 
SO2NH-, -NHSOr, ^NR'SCV; -SO2NR'-, -SO3- (sulfonate), C=b, - 
NHNH-, -N=i>I-, -NHO-, -OlslH-; -ONR^ MR'O-, E orZ -CH=CHs - 
cm:-; CH2; -C=N-; J = O, NH, NR.* (e.g. N-Me), S, -S-S-, R^aSat 
racemic-SOione pair)0-, -SO2-, -SONH-, -NHSO-, -MR'SO-, -SONR'-, - 
SOim-, -NHSOr-, -NR'SOz-; -SO2NR'-, -SO3- (sulfonate), OO, - 
NHNH-, -N=N-, -NHO-, -ONH-; -ONR^ NR'O-, £ orZ -OEM!-; - 
C^-;CH2;-C=N-. 

X = H, halogen, OR', O, NH, NR', S, -S-S-, RorSai lacemic -SOone 
pair)0-, -SO2-, -SONH-; -NHSO-, -NR'SO-, -SONR'-, -SO2NH-, - 
NHSOr, -NR'SOaS -SO2NR'-, -SO3- (sulfonate), C=0, -NHNH-, -N=N-, 
-NHO-, -ONH-; -ONR' ; NR' 0-, £ or Z -C3I=CH-; -C CH2; -C=N-, 
with X attached eitho- meta or para. 

Y = H, O, or', NH, NR', S, -S-S-, i? or 5 or racemic -SGone pair)=0-, - 
SO2-, -SONH-, -NHSO-, -NR'SO-, -SONR'-, -SO2NH-, -NHSO2-, - 
NR'S02-; -SO2NR'-, -SO3- (sulfonate), C=0, -NHNH-, -N=N-, -NHO-, - 
ONH-; -ONR' ; NR'O-, £ or Z -CH=CH-; -C aC-; CH2; -C=N-., with Y 
attached either meta or para. 

Q,L,M, V, a, and U are any comhination of CH, S, O, N, N-oxide. For 
exaaq>le, when L and M are both O, a fiin>-[2,3-fr]fi]ran is indicated in 
which the side-chains can be attached to provide the 2^-; 2,4-; 2,5-; or 
3,4-disubstituted ftiro-[23-6]furans. When M and U are bodi O, a fiiro- 
[3,2-b]fiuxin is indicated in which the side chains can be attached to 
jHDvide the 2,3-; 2,5-; 2,6-disubstituted fun>-[3,2-6]furans. When L is an 
oxygen atom and M is a nitrogen atom, the resultant heterocycle is a 6H- 



49 



02/076177 



PCT/US02/09287 



furo[2,3-6]pyrrole, where substitution can occur at the 2,3-; 2,4-; 2,5-; and 
2,6-positions. 

Z = C02R^ ; Rot Sot racemic 5-substituted-thiazoKdine-2,4-dione; RotS 
or racemic 3-substituted-i)yrrolidin©-2,5-dione; all diast^wmers of 3,4- 
disubstituted-pym)lidme-2,5-dione; Rot Sot racemic 4-substituted- 
azetidme-2-one; Rot Sot racemic 3-substitQted-azetidine-2-one; all 
diastereomers of 3,4-disubstituted-azetidine-2-one; 3-substituted- 
azetidine-2,4-dione; l*substituted-l^-diazetidine-2,4-dione; 1-substituted- 
l,3-diazetidine-2-one; all diastereom^ of l,4-disubstituted-13- 
diazetidine-2-one; 5-substituted-2,4-dihydro-[l,2,4]triazol-3-one; 4- 
hydroxy-5-substituted-l ,2-dihydro-pyrafi;ol-3-one; 4-alkoxy-5-subst!tuted" 
1 ^-dihydro-pyrazol-3-one; 4-alkoxy-substituted-l ^-dihydro-pyrazol-3- 
one; 5-substituted-2H-pyrazole-3,4-dione; 5-substituted-imidazole-2,4- 
dione; 3-substituted-pyrrole-2,5-dione; 3-Hydroxy-4-substituted-pym)le- 
2,5-dione; 3-alkoxy-4-substituted-pynx>le-2,5-dione; 3-alkoxy-substituted- 
pyrrolb"2,5-dione; 5-substituted-oxazolidine-2,4-dione; 5-substituted- 
iimdazolidine-2,4-dione; 5-substituted-l,2-dihydro-pyrazol-3-one; 5- 
substituted-2H-tetrazole; 4-substituted-2H-[l^,3]triazole; 3-substituted- 
lH-[l^,4]triazole; R or S or racemic 5-substituted-3,5-dihydro- 
[1 A3]triazol-4-one; 5-substituted-23-dihydio-[l,2,3]triazol-4-one; R or S 
or racemic 4~substituted-pyra2olidine-3,5-dione; 4-substituted- 
[1 A4]triazolidine-3,5-dione. Also, all benzo-fiised examples of the above 
monocycles such as, but not limited to: 2, 3, 4 or 5-substituted-isoindole- 
1,3-dione; 3, 4 or 5-5abstituted-l,2-dihydro-inda2;oI-3-one; 3, 4 or 5- 
substituted-2H-bCTZ0triazole, and so on. 
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(01 17] Case 6 represents compounds of the formula: 



(GX. 



R 




6 



— c4-(J)o 



Y 




[(C)h(CH=CH)i(C)Klq 



Z 



[(C)a(CH=CH)b(C)J^ 
R2 R3 R4 R5 



[(C)d(CH=CH)e(C)f]n 

„/ \ / \ 

Re R7 Rb R9 



R10 R11 R12 R 



13 



wharein tiie following apply. 



a = 0-8; c = 0-8; d = 0-8; f = 0-8; h = 0-8; k = 0-8. 
' b = 0-4; e = 0-4; i = 0-4 (when b, e or i are = 1 , double bonds are either E 
or Z; whai b, e or i are >1 , any mixture ofE or Z diastereomers is 
possible). 

m = 0-4; n = 0-4; q = 0-4. 

u = 0, 1; r = 0, l;p = 0, l;s = 0, l;t = 0, l;o = 0, 1. 

R = cycloalkjd, heterocycloalkyl, alkyl, aryl, heteroaiyi, R^NH, R^RyN, 

R«S, RgSO, RsSOz, RiSOzNH, IUSO2NR9, RioCO, R,oOCO, R,(>NHCO, 

RioRiiNCO, R12O, R13SCO, R14NCONHR15, RsNSOzNH, R8NSO2NR9. 

Rk^NCO, RioOCONR,6, RioNHCO, RioR-iiNCO, R13SCONR17. 

A = 0,S. 

R' — R" = independently H, optionally substituted alkyl, cycloalkyl, 
alkylcycloalkyl, arylalkyl, aryl, heteroaryl, h^erocyclic, alkyQieteroaryl) 
alli^lheterocyclic. 

W = O, NH, NR', S, -S-S-, Rot Sot racemic -SPone pair)0-, -SO2-, - 
SONH-, -NHSO-. -NR'SO-, -SONR'-, -SQ2NH-, -NHSO2-, -NR'SOaS - 
SO2NR'-, -SO3- (sulfonate), C=0, -NHNH-, -N=N-, -NHO-, -ONH-; - 
Om} ; NR'O-, £ or Z -CH=CH-; -C sC-; CH2; -C=N-; G = O, NH, NR', 
S, -S-S-, i? or iS or racemic -S(lone pair)0-, -SO2-, -SONH-, -NHSO-, - 
NR'SO-, -SONR'-, -SO2NH-, -NHSO2-, -NR'SOz-; -SO2NR'-, -SO3- 
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(sulfonate), C=0. -NHNH-. -N=N-, -NHO-, -ONH-; -ONR' ; NR'O-. £ or 
Z -CH=CH-; -C aCs CHz; -CHN-; E = O, NH, MR", S, -S-S-, i? or 5 or 
racemic -SGone pair)0-. -SO2-, -SONH-, -NHSO-, -NR'SO-, -SONR'-, - 
SC)2NH-, -NHSO2-, -NR'SOr; -SO2NR'-, -SO3- (sulfonate), C=0, - . 
NHNH-,-N=N-, -NHO-, -ONH-; -ONR';NR'0-,^orZ-CH=CH-; - 
C CH2; -C=Ns J « O, NEi NR* (e.g. N-Me), S, -S-S-, i? or S or 
racemic -S(lone pair)0-, -SO2-, -SONH-, -NHSO-, -NR'SO, -SONR'-, - 
S02^e-, -NHSO2-, -NR'SOj-; -SOzNR'-, -SO3- (sulfonate), 0=0. - 
NHNH-, -hNN-, -NHO-, -ONH-; <)m}; NR'O-. £ or Z -CH<H-; - 
C^-; CH2; -C=N- 

X = H, halogen, OR', O, NH, NR', S, -S-S-, i? or 5" or racemic -S(Ione 
pair)0-, -SO2-, -SONH-, -NHSO-, -NR'SO-, -SONR'-, -SO2NH-, - 
NHSOr, -NR*S02-; -SO2NR'-, -SO3- (sulfonate), C=0, -NHNH-, -N=N-, 
-NHO-, -ONH-; -OISIR"; NR'O-, £ or Z -CH=CH-; -C^-; CH2; -C=N-, 
with X attached either meta or para. 

Y = H, O, or', NH, NR', S, -S-S-, i? or 5 or racemic -S(lone pair)=0-, - 
SO2-, -SONH-, -NHSO-, -NR'SO-, -SONR'-, -SO2NH-, -NHSOr, - 
NR'S02-; -S62NR'-, -SO3- (sulfonate), C=0, -NHNH-, -N=N-, -NHO-, - 
ONHs -ONR'; NR'O-, £ or Z -CH=CH-; -C bC-; CH2; -C=N- , with Y 
attadtffid either meta or para. 

QjLJM, y, a, and U are any combination of Q = CH, N, N-oxide; L 
CO, N, N-ojdde; M = CH, N, N-oxide, V = CH, N, N-oxide, a = CH, N, 
N-oxide, and U = CH, N and N-oxide; where tilie point of attachmaat of Y 
and X are usually via carbon atoms in die central ring. When X OH and 
L = N, a 2- or 4-p3'ridinol is indicated, which automatically includes die 
keto-tautomers, the 2- and 4- pyridones. The side chain (Yp) can be 
attached via the pyridone N, or at one of ttie remaining positions. Also, 
the ring can be benzenoid, pyridinoid, pyrimidinoid, and so on where 
beazenoid is prefmed. 
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Z = CO2R* ; Rot Sot racetnic 5-substitUted-thiazoKdine-2,4-dione; RotS 
or racetnic 3-substituted-pyiTolidine-2,5-dione; all diastereomers of 3,4- 
disubstituted-pyrrolidiii^2,5-dioiie; Rot Sot racemic 4-substituted- 
azetidine-2-one; R or S or racemic 3-substituted-azetidine-2-one; all 
diastereomers of 3,4-disubstituted-azetidiiie-2-one; 3-substituted- 
azetidine-2,4-dione; l-substituted-l,3-diazetidiiie-2,4-dione; 1 -substituted- 
l,3-diazetidiiie-2-one; all diastereomers of l,4-disubstituted-l,3- 
diazetidiBe-2^ne; 5-substituted-2,4-dihydro-[l^,4]triazol-3-one; 4- 
hydroxy-5-substituted-l^-dihydiO"pyrazol-3-one; 4-alkoxy-5-substituted- 
l^-diliydro-pyrazol-3-one; 4-alkoxy-substituted-l^-dihydro-pyrazol-3- 
one; S-substitated-2H-pyrazole-3,4-dione; S-substituted-imidazole-2,4- 
dione; 3-substituted-pyrroIe-2,5-dioiie; 3-Hydroxy-4-substituted-pyrrole- 
2^Kiioiie; 3-alkoxy-4-substituted-pyrrole-2,5-dione; 3-alkoxy-substituted- 
pyrrole-2,S-<]ione; 5-5ubstituted-oxazolidine->2,4-dione; 5-sabstituted- 
imidazolidine-2,4-dione; S-substituted-l^-diliydro^yrazol-3-one; 5- 
substituted-2H-tetrazole; 4-substituted-2H-[l A3]triazole; 3-substLtuted- 
IH-[l,2,4]1riazole; R or S or racemic 5-substitated-3»5-dihydro- 
[1 A3]triazol-4-one; 5.substituted"2,3Hlihydn>-[l A3]triazol-4-one; R or S 
or racemic 4-substituted-pyra2X)lidine-3,5-dione; 4-substituted- 
[l^,4]tiiazolidine-395-dione. Also, all benzo-fused examples of the above 
monocycles such as, but not limited to: 2, 3, 4 or S-substituted-isoindole-* 
1,3-dione; 3, 4 or 5-substituted-i;2-dihydro-indazol-3-oiie; 3, 4 or 5- 
substituted-2H-beiizotriazole, and so on. 

When t = 1, one of p or y is either CH2> O, N, or S and together with the 
other, form a cis or trans cyclopropane, epoxide, aziridine, or episulfide. 
Concurrently, 5 and jj. are either cis or trans to one another, and can be any 
combination of H, alkyl, cycloalkyl, aryl, heterocyclic, heteroaryl, 
alkylaryl, alkylcycloalkyl, alkylheterocyclic, alkylheteroaryl, and 
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optionally substituted derivatives therein. Preferred in this arrangraient is 
the cis-cyclopiDpyl compound. 

When t = 1, together p and y form a second bond that is either ds or trans 
(E or Z) such that the overall unit enclosed by t is a double bond. 
Concuirratly, 5 and ji are eiflier cis or trans to one another, and can be any 
combination of H, alkyl, alkoxyl, halogen, thioalkoxyl, acyloxyl, 
cycloalkyl, aryl, heterocyclic, heteroaryl, alkylaryl, alkylcycloalkyl, 
alkylheterocycUc, alkylheteroaryl, and optionally substituted derivatives 
therein. Alternatively, together p and y form a second bond while 
concurrently, 5 and form a third bond such that the aitire unit enclosed 
by t is a triple bond (alkyne). Preferred ni this arrangement is the Z- 
double bond. Another example is exemplified when the Z-double bond is 
substituted by 5 and such that together tiiey form a ring. Thisringcan 
be benzenoid, heterocyclic, heteroaryl, and so obl 



[01181 Case 7 represents compounds of flie formula: 
R 

(W).-|-C C-HJ)o 

U-M ^E)3 



5 ^ 



[(C)3(CH=CH)b(C)Jn, [(C)c,(CH=CH)e(C)a„ KC)h(CH-CH)i(C)Jq 



wherein the following apply: 

a = 0-8; c = 0-8; d = 0-8; f = 0-8; h = 0-8; k = 0-8. 

b = (M; c = 0-4; i «= 0-4 (wben b, e or i are = 1, double bonds are eithar JS 

or Z; when b, e or i are >1, any mixture of JS or Z diastereomers is 

possible). 
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m = 0-4; n = 0-4; q = 0-4. 

u = 0,l;r = 0,l;p = 0,l;s = 0, 1; t = 0, 1; o = 0, 1. 

R = cycloalkyl, heterocycloalkyl, alkyl, aryl, hetfaroaryl, lUNH, lURvN, 

RgS, R»SO, R«S02, RsSCbNH, R8SO2NR9, RioCO, RioOCO, R,oNHCO, 

RioRiiNCO, R12O, RnSCO, R,4NCONHRi5, RsNSOjNH, R«NS02NR9, 

RhJ^CO. R10OCONR16, RioNHCO, RioRiiNCO, R^SCONRn. 

A = 0,S. 

r1 - r" = independently H, optionally substituted alkyl, cycloalkyl, 
alkylcycloalkyi, arylalkyl, aryl, hetraoaryl, heterocyclic, alkjdheteroaryl, 
alkylh^etocyclic. 

W = O, NH, NR', S, -S-S-, ii or 5 or racemic -S(lane paiT)C>-, -SOj-, - 
SONH-, -NHSO-, -NR'SO-, -SONR'-, -SO2NH-, -NHSQr. -NR'S02-; - 
SO2NR'-, -SO3- (sulfonate), OO, -NHNH-, -N=N-, -NHO-, -ONH-; - 
Om}; NR'O-, EorZ -CH=CH-; -C CH2; ^N-; G = O, NH, NR*, 
S, -S-S-, i? or 5 or racemic -SOone pair)0-, -SO2-, -SONH-, -NHSO-, - 

nr'so-, -sonr'-, -SO2NH-, -NHSO2-, -nr'so2-; -SO2NR*-, -scb- 

(sulfonate), 0=0, -NHNH-, -N=N-, -NHO-, -ONH-; -ONR*; NR'O-, E or 
Z -CH=CH-; -C CHz; -C=N-; E = O, NH, NR'. S, -S-S-, Rot Sot 
racemic -SGone pajr)0-, -SO2-, -SONH-, -NHSO-, -NR*SO-, -SONR'-, - 
SO2NH-, -NHSOr, -NR'S02-; -SO2NR'-, -SO3- (sulfonate), C=0, - 
NHNH-, -N=N-, -NHO-, -ONH-; -ONR'; NR'O-, £ or Z -CH=CH-; - 
C^-; CH2; -C=N-; J = O, NH, NR* (e.g. N-Me), S, -S-S-, i? or 5 or 
racemic -S(lone paiT)0-, -SO2-, -SONH-, -NHSO-, -NR'SO, -SONR'-, - 
SO2NH-. -NHSO2-, -NR*S02-; -SO2NR'-, -SO3- (sulfonate), C=0, - 
NHNH-, -N=N-, -NHO-, -ONH-; -ONR' ; NR'O-, £ or Z -CH=CH-; - 
C^-;CH2;-C=N-. 

X = H, halogen, OR*, O, NH. NR\ S, -S-S-, Rot Sot racemic -S(lone 
pair)0-. -SO2-, -SONH-, -NHSO-, -NR'SO-, -SONR'-, -SO2NH-, - 
NHSO2-, -NR'SOa-; -SO2NR'-, -SO3- (sulfonate), CO, -NHNH-, -N=N-, 
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-NHO-, -ONHs -ONR^; NR^O-,£:orZ-CH=CHs -C^s CH2; -C-N-, 
with X attached either meta or para. 

Y = H, O, OR*, NH, NR\ S, ^-S-, i? or 5 or racemic -S(lone pau')=0, - 
SO2-, -SONH-, -NHSO, -NR^SO, -SONR*-, -SO2NH-, -NHSQ2-, - 
NR^SOaS -SO2NR*-, -SO3- (sulfonate), OO, -NHNH-, -N=N-, -NHa, - 
ONHs JOm} ; m} 0-, EotZ -C3I=CHs -C CR2; -ON- , with Y 
attached either meta or para. 

Q JVIjV and U are any combination of Q = CH, N, N-oxide; L = C=0, 
O, S, SO, SO2, N, NR, NH, N-oxide; M = GH, N, N-oxide, U = CH, N 
and N-oxide; and V = CH, N and N-oxide; where the point of attachment 
of Y and X are usually via carbon atoms in the central ring. When X — 
OH and L = N, a 2- or 3-pyrrolinol is indicated, which automatically 
includes the keto-tautomers, the l,5-dihydropyrrol-2-one and 1,2- 
dihydropyrrol-3--one. The side chain (Yp) can be attached via the 
pyrrolone N, or at one of the remaining positions. Also, the ring can 
contain multiple heteroatoms such as would be the case for. histidinoid, 
pyrra2x>loid, triazoloid, tetrazoloid, and so on, where thiazoloid or 
isothiazoloid is preferred. 

Z = C02R^i? or S or racemic 5-substituted-thia2olidine-2,4-dione; R or S 
or racemic 3-substituted-pyrrolidine-2,5-dione; all diastereomers of 3,4- 
disubstituted-pyrn>lidine-2,5-dione; RorSor racemic 4-substituted- 
a2;etidin&-2-one; RorSor racemic 3-substituted-azetidine-2-one; all 
diastereomors of 3,4-disubstituted-az^dine-2-one; 3-substituted- 
azetidine-2,4-dione; l-5ubstituted-l,3-diazetidine-2,4-dione; 1-substituted- 
l,3-diazetidine-2-one; all diastereomers of l,4-disubstituted-l,3- 
diazetidine-2-one; 5-substituted-2,4-dihydix>-'[l,2,4]triazol-3-one; 4- 
hydroxy-5-substituted-l,2-dihydro-pyrazol-3-one; 4-alkoxy-5-substituted- 
l^-dihydro-pyrazol-3-one; 4-alkoxy-substituted-l,2-dihydro-pyrazol-3- 
one; 5-substituted-2H-pyrazole-3,4-dione; 5-substituted-imidazole-2,4- 
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dione; 3-substituted-pyiTole-2,5-dione; 3-Hydroxy-4-substituted-pyrrole- 
2,5-dione- 3-alkoxy-4-substituted-pyrrole-2,5-dione; 3-alkoxy-substituted- 
pyrrole-2,5-<iione; 5-substituted-oxazolidine-2,4-<iione; 5-substituted- 
iinidazolidine-2,4-dione; 5-substituted-l^-<lihydro-pyrazol-3-one; 5- 
substituted-2H-tetra2ole; 4-substituted-2H-[l A3]tria2ole; 3-substituted- 
1H-[1 A4]triazole; R or S or raceniic 5-substituted-3^-dihydro- 
[l,2;3]triazol-4-one; 5-substituted-2,3-dihydn)-[l,2,3]triazol-4-one; R or S 
or racemic 4-substituted-pyrazolidiner3,5-dione; 4-substituted- 
[l^,4]triazolidme-3,5-dione. Also, all benzo-fiised examples of the above 
monocycles such as, but not limited to: 2, 3, 4 or S-substituted-isoindole- 
1,3-dione; 3, 4 or 5-substituted-l,2-dihydro-mdazol-3-one; 3, 4 or 5- 
substituted-2H-be£izotriazole, and so on. 

When t = 1, one of (5 or y is either CH2, 0, N, or S and together with the 
other, form a cis or trans cyclopropane, qjoxide, aziridine, or episulfide. 
Concurrently, 5 and \i are either cis or trans to one another, and can be any 
combination of H, alkyi, cycloalkyi, aryl, hetemcyclic, heteroarjd, 
alkylaryU alkylcycloalkyi, alkylheterocyclic, alkylheteroaryl, and 
optionally substituted derivatives therein. Preferred in this arrangement is 
the cis-cyclopropyl compound. 

When t = 1, together P and y form a second bond that is either cis or trans 
(E or Z) such that the overall unit enclosed by t is a double bond. 
Concurrently, 5 and \i are either cis or trans to one another, and can be any 
combination of H, alkyl, alkoxyl, halogra, thioalkoxyl, acyloxyl, 
cycloalkyi, aryl, heterocyclic, heteroaryl, alkylaryl, alkylcycloalkyi, 
alkylheterocyclic, alkylheteroaryl, and optionally substituted derivatives 
therein. Alternatively, together p and y form a second bond while 
concurrently, 5 and |i form a fliird bond such that the entire unit enclosed 
by t is a triple bond (alkyne). Preferred in ttiis anrangem^t is the Z- 
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[01191 
R 

(G)u 



double bond. Anottier example is exemplified when the Z-double bond is 
substituted by S and \i such that together they fonn a ring. This ling can 
be benzenoid, heterocyclic, heteroaryl, and so on. 

Case 8 represents compounds of the formula: 



(W).-^C-Cj-(, 



[(C)a(CH=CH)b(C)J^ 
R2 R3 R4 R5 



Ri 



u 

[(C)d(CH=CH)e{C),]„ 




[(C)h(CH=CH)i(Cy, 



Re Rr 



Re R9 



R 



/ \ 



10 ^11 



R12 



whra«in the following apply: 

a = 0^8; c = 0-8; d = 0-8; f = 0-8; h = 0-8; k = 0-8. 

b = 0-4; e = 0-4; i = 0-4 (whenb,e oriare=l, double bonds are either £ 

or Z; whrai b, e or i are >1 , any mixture of £ or Z diastereomars is 

possible). 

m = 0-4; H = 0-4; q = 0-4. 

u = 0, 1; r =0, 1; p = 0, 1; s = 0, 1; t = 0, 1; o = 0, 1. 

R = cycloalkyl, heterocycloalkyU alkyl, aryl» heteroaryl, R^NH, R6R7N, 

RgS, R«SO, R«S02, RjSOzNH, RsSChNR* RioCX), RioOCO, RkJOICO, 

Ri JR.11NCO, R12O, R13SCO, R,4NCONHR,5, R8NSO2NH, R8NSO2NR9, 

RioNCO, R10OCONR16, RjoNHCO, RioRiiNCO, RuSCONRn. 

A = 0,S. 

R' - R" = independently H, optionally substituted alkyl, cycloalkyl, 
alkylcycloalkyl, arylalkyl, aryl, hetoroaryl, heterocyclic, alkyOieteroaryl, 
alkylheterocyclic. 

W = O, NH, NR', S, -S-S-, or ^' or racemic SQone pair)0-, -SO2-, - 
SONH-, -NHSO-, -NR'SO-, -SONR'-, -SO2NH-, -NHSO2-, -NR'SOzS - 
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SO2NR'-, -SO3- (sulfonate), C=0, -NHNH-, -N=N-, -NHO-, -ONH-; - 
ONR' ; NR'O-, EoxZ -CH=CHs -C CH2; -C=N-; G = O, NH, NR', 
S, -S-S-, Rot Sot racemic -S(lone pair)0-, -SO2-, -SONH-, -NHSO-, - 
NR'SO-, SOm}-, -SO2NH-, -NHSOr, -NR'SCbS -SO2NR'-, -SO3- 
(sulfonate), 0=0, -NHNH-, -N=N-, -NHO-, -ONH-; -OMR'; NR'O-, E or 
Z -C3I=CHs -C CH2; -C=N-; E = O, NH, NR', S, -S-S-, ^ or 5 or 
racemic ^one pair)0-, -SO2-, -SONH-, -NHSO-, -NR^SO-, -SONR'-, - 
SChm-, -NHSOr, -NR'SOr; -SO2NR'-, -SO3- (sulfonate), OO, - 
NHNH-, -N=N-, -NHO-, -ONH-; -OMR'; NR'O-, £orZ-CH==CHs - 
C sCs CH2; -C=Ns J = O, NH, NR^ (e.g. N-Me), S, -S-S-, i? or 5 or 
racemic -SGone pair)0-, -SO2-, -SONH-, -NHSO-, -NR^SO-, -SONR'-, - 
SO2NH-, -NHSOr, -NR'SOr; -SO2NR'-, -SO3- (sulfonate), C=0, - 
NHNH-, -N=N-, -NHO-, -ONH-; -ONR'; NR'O-, EotZ -CH<Hs - 
C^-;CH2;-ON- 

X = H, halogen, OR', O, NH, NR', S, -S-S-, i? or iS or racemic -S(lontf 
pair)0-, -SO2-, -SONH-, -NHSO-, -NR'SO-, -SONR'-, -SO2NH-, - 
NHSO2-, -NR'S02-; -SO2NR'-, -SO3- (sulfonate), C=0. -NHNH-, -N=N-, 
-NH0-, -ONH-; -ONR'; NR'O-, EotZ -CH=CHs -C CH2; -C=N-, 
with X attached either meta or para. 

Y = H, O, or', NH, NR', S, -S-S-, or .S or racemic -S(lone pair)=0-, - 
SO2-, -SONH-, -NHSO-, -NR'SO-, -SONR'-, -SO2NH-, -NHSO2-, - 
NR'SOr; -SO2NR'-, -SO3- (sulfonate), C=0, -NHNH-, -N=N-, -NHO-, - 
ONH-; -ONR';NR'0-,£orZ-CH=CH-; -C*-; CH2; -C=N-^ with Y 
attached either meta or para. 

Q,L^ V, a, P and U are any combination of Q = CH, N, N-oxide; L = 
CO, N, N-oxide; M = CH, S, O, N; N-oxide, V = CH, S, O, N, N-oxide; a 
= CH, N, S, O, N-oxide; p = CH, N, S, O, N-oxide; and U = CH, N andN- 
oxide; where fibe point of attachment of Y and X are usually via carbon 
atoms in the central ring. When X - OH and L = N, a 2- or 4-pyridinol is 
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indicated, which automatically includes the keto-tautomers, the 2- and 4- 
pyridones. The side chain (Yp) can be attached, for example, via the 
indanoyl or benzoimidazolyl N, or at one of the remaining positions. The 
. ring system can at its simplest be represented by benzofiised S-membered 
heterocycles, such as indoles, benzoimidazoles, benzopyrrazoles, 
benzoisoxazole, benzofuran^ b«zothiophene, benzoxazole, benzotfaiazole, 
benzoisotfaiazole, and so on. 

Z = COjB} ; Rot Sot racemic 5-substituted-thiazolidine-2,4-dione; RotS 
or racemic 3-substituted-pynolidine-2,S-dione; all diastereomers of 3,4- 
disubstituted-pyrrolidine-2,5-dione; Rot Sot racemic 4-substituted- 
azetidine-2-one; Rot Sot racemic 3-substituted-azetidme-2-one; all 
diastereomers of 3,4-disubstituted-azetidine-2-one; 3-substituted- 
azetidine-2,4-dione; l-substituted-13-diazetidine~2,4-dione; 1-substituted- 
l,3-diazetidine-2-one; all diastereomers of l,4-disubstituted-l,3- 
diazetidine-2-one; 5-substituted-2,4-dihydro-[l,2,4]triazol-3-one; 4- 
hydroxy-5-substituted- 1 ,2-dihydro-pyrazol-3-one; 4-alkoxy~5-substituted- 
l,2-dihydro-pyrazol-3-one; 4-alkoxy-substituted-l,2-dihydro-pyrazol-3-' 
one; 5-substituted-2H-pyrazole-3,4-dione; 5-substituted-imidazole-2,4- 
dione; 3-substituted-pyrrole-2,5-dione; 3-Hydn)xy-4-substituted-pyrrole- 
2,5-dione; 3-alkoxy-4-substituted-pyrrole-2,5-dione; 3-alkoxy-substituted- 
pyrrole-2,5-dione; 5-substituted-oxazolidine-2,4-dione; S-substituted- 
imidazolidine-2,4-dione; 5*substitated-l,2-dihydio-pyTazol-3-one; 5-> 
substituted-2H-tetiazole; 4-substituted-2H-[l,23]triazole; 3-substituted- 
lH-[l,2,4]triazole; R or S or racemic 5-substitated-3,5-dihydro- 
[l,2,3]triazol-4-one; 5-substituted-2,3-dihydro-[l,2,3]triazol-4-one; R or S 
or racemic 4-substituted->pyrazolidine-3,S-dione; 4-substituted- 
[1 y2,4]triazolidine-3,5-dione. Also, all benzo-fused examples of the above 
monocycles such as, but not limited to: 2, 3, 4 or 5-substituted-isoindole- 
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[0120] 
R 

(G)u 



1,3-dione; 3, 4 or S-substituted-l^Z-dihydro-indazol-S-one; 3, 4 or 5- 
substituted-2H-beiizotriazole, and so on. 

When t = 1 , one of p or y is either CH2, O, N, or S and together with the 
other, form a cis or trans cyclopropane, epoxide, aziridine, or epistilfide. 
Concurrently, 5 and \x are either cis or trans to one another, and can be any 
combination of H, alkyl, cycloalkyl, aryl, heterocyclic, heteroar^, 
alkylaryl, alkylcycloalkyi, alkylheterocyclic, alkylheteroaryl, and 
optionally substituted derivatives therein. Preferred in this arrangement is 
the cis-cyclopropyl compound. 

When t = 1 , together p and y form a second bond that is either ds or trans 
(E or Z) such that tiie overall unit enclosed by t is a double bond. 
Concurrently, 5 and |a are either cis or trans to one another, and can be any 
combination of H, alkyl, alkoxyl, halogen, thioaUcoxyl, acyloxyl, 
cycloalkyl, aryl, heterocyclic, heteroaryl, alkylaryl, alkylcycloalkyi, 
alkylheterocychc, alkylheteroaryl, and optionally substituted derivatives 
therein. Alternatively, together p and y form a second bond while 
concurrently, 5 and jx form a third bond such that the entire unit enclosed 
by t is a triple bond (alkyne). Preferred in this arrangement is the Z- 
double bond. Another example is exemplified when the Z-double bond is 
substituted by 5 and such that together they form a ring. This ring can 
be benzenoid, heterocyclic, heteroaryl, and so on. 
Case 9 represents compounds of the formula: 





R12 Ri3 
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wherein the following apply: 

a = 0-8; c = 0-8; d = 0-8; f = 0-8; h = 0-8; k = 0-8. 

b = 0-4; e = 0-4; i = 0-4 (when b, e or i are =1 , doable bonds are either E 

or Z; when b, e or I are >1 , any mixture of £ or Z diastereomecs is 

possible). 

m = 0-4; n = 0-4; q = 0-4. 
• a = 0,l;r = 0,l;p = O,l;s = O,l;t = 0, l;o = 0,l. 
R = cycloalkyl, heterocycloaUcyl, alkyl, aryl, heteroaryl, R^NH, R^RtN, 
RgS, RsSO, RgSOz, R«S02NH, R8SO2NR9, RioCO, RioOCO, RioNHCO. 
RioRuNCO, R12O, RiaSCO, Ri4NCONHR,5, RgNSOjNH, ^SChm9> 
RioNCO, R10OCONR16. RioNHCO, RioRjiNCO, R13SCONR17. 
A = 0,S. 

r' - R" = independently H, optionally substituted alkyl, cycloalkyl, 
alkylcycloalkyl, arylalkyl, aryl, heteroaiyl, heterocyclic, alkjdheteroaryl, 
alkylheterocyclic. 

W = O, NH, NR*, S, -S-S-, i? or iS" or racemic -S(lone pair)0-, -SO2-, - 
SONH-. -NHSO-, -NR'SO-, -SONR'-, -SC)2NH-, -NHSO2-. -NR'SOrJ - 
S02NR^-, -SO3- (sulfonate), OO. -NHNH-, -N=N-, -NHO-, -ONH-; - 
ONR*; NR'O-, £ or Z -CH=CH-; -C ■€-; CH2; -C=N-; G = O, NH, NR*, . 
S, -S-S-, J? or 5 or racenuc -S(lone pair)0-, -SO2-, -SONH-, -NHSO-, - 
NR'SO-, -SONR'-, -SO2NH-, -NHSO2-, -NR'SOr; -SO2NR'-, -SO3- 
(sulfonate), OO, -NHNH-, -N=N-, -NHO-, -ONH-; -OMR'; NR^O-, E or 
Z -CH=CH-; -C ^-; CH2; -C=N-; E = O, NH, NR', S, -S-S-. RorSar 
racemic -5(lone pair)0-, -SO2-, -SONH-, -NHSO-, -NR'SO-, -SONR^-, - 
SO2NH-, -NHSOz-, -NR'SOi-; -SO2NR'-, -SO3- (sulfonate), C=0, - 
NHNH-, -N=N-, -NHO-, -ONH-; -ONR*; NR'O-, £ or Z -CH=CH-; - 
C CH2; -C=N-; J = O, NH, NR' (e.g. N-Me). S, -S-S-, R(xSor 
racemic -S(lone pair)0-, -SO2-, -SONH-, -NHSO-, -NR*SO-, -SONR'-, - 
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SOzNH-, -NHSO2-, -NR'SCV; -SO2NR'-, -SQ3- (sulfonate), C=0, - 
mom-, .N=N-, -NHO-, -ONH-; -ONR'; NR'O-, £ or Z -CH=CHs - 
C^S CH2; -C=N-. 

X = H, halogen, OR', O, NH, NR', S, -S-S-, ^ or 5 or racemic -S(lone 
pair)0-, -SO2-. -SONH-, -NHSO-, -NR'sO-, -SONR'-, -SO2NH-, - 
NHSO2-, -NR'SOj-; -SO2NR'-, -SO3- (sulfonate), C=0, -NHNH-, -hf=N-, 
-NHO-, -ONH-; -ONR'; NR'0-,£:orZ-CH=CHs -C^-; CHz; -G=N-, 
with X attached either meta or para. 

Y = H, O. OR', NH, MR', S, -S-S-, R or 5 or racemic -S(Ione pair)=0-, - 
SO2-, -SONH-, -NHS0-, -NR'SO-, -SONR'-, -SO2NH-, -NHSO2-, - 
NR'SOj-; -SO2NR'-, SO3- (sulfonate), 0=0, -NHNH-, -N=N-, -NHO-, - 
ONH-; -OMR'; NR'O-. E or Z-CH=CH-; -C^C-; CHr, -ON-., with Y 
attached eiflia- meta or /^ora. 

V, a, p, y and tJ are any combination of Q = CH, N, N-oxide; L = 
CH, N, N-oxide; M = CH, N, N-oxide, V = CH, N, N-oxide; a = CH, N, 
N-oxide; P = CH, N. N-oxide; r = CH, N, N-oxide; and U = CH, N and N- 
oxide; where the pomt of attachment of Y and X are usuaUy, but not 
necessarily, via caifoon atoms in the central ring. When X = OH and L = 
N, a 2- or 4-quinolinol is indicated, which automatically includes the keto- 
tautomeis, the 2- and 4- quinolones. The side chain (Yp) can be attached, 
fer example, via the quinolinone N, or at one of the remaining positions. 
The ring system can at its simplest be represented by n^htibalene-based 
heterocycles, such as quinolines, phthalazines, quinazines, and so on. 
Z = CO2R ;RotS or racemic 5-substituted-thiazohdine-2,4-dione; RotS 
or racemic 3-substituted-pyTrolidine-2,5-dione; all diastereomers of 3,4- 
disubstituted-pyrrolidine-2,5-dione; J? or 5 or racemic 4-substituted- 
azetidine-2-one; R 01 Sot racemic 3-substituted-azetidine-2-one; all 
diastereomers of 3,4-disubstituted-azetidine-2-one; 3-substituted- 
a2etidiue-2,4-dione; l-substituted-l,3-dia2etidine-2,4-dione; 1-substituted- 
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l,3-diazetidine-2-one; all diastereomers of l,4-disubstituted-l,3- 
dia2etidine-2-one; 5-substitute(t2,4-dihydro-[i;2,4]triM^^ 4- 
hydroxy-5-substituted-i;2-^ydio-pyrazol-3K)n^ 4-alkoxy-5-substituted- 
i;2-<iihydro-pyiazol-3-one; 4-aIkoxy-substituted-l^-dihydn>-pyrazol-3- 
one; 5-substituted-2H-pyrazole-3,4-dione; 5-substitated-iinidazole-2,4- 
dione; 3-substituted-pynole-2,5-dione; 3-Hydroxy-4-substituted-pyrrole- 
2,5-dione: 3-alkoxy-4-substituted-pyrrol&-2,5-dione; 3-aIkoxy-substitiited- 
pyirole-2,5-dione; 5-substituted-oxazolidine-2,4-dione; 5-substituted- 
imidazolidine-2,4-dione; 5-£aibstituted-i;2-dihydn>-pyrazol-3-one; 5- 
substituted-2H-tetrazole; 4-substituted-2H-[i;23]triazole; 3-substituted- 
IH-LlA^Jtriazole; R or S or'racemic 5-substituted-3,5-diliydro- 
[1^33tiiazol-4-one; 5-substituted-2,3-diIiydro-[i;2,33triazoI-4-one; R or S 
or racemic 4-siibstituted-pyrazolidine-3,5-dione; 4-substituted- 
[1 A4]triazolidine-3,5-dione. Also, all benzo-fiised examples of the above 
monocycles such as, but not limited to: 2, 3, 4 or S-substituted-isoindole- 
1,3-dione; 3, 4 or 5-substituted-l,2-dihydro-indazol-3-one; 3, 4 or 5- 
substituted-2H-*benzotriazole, and so on. 

When t = 1 , one of p or a is either CHa, O, N, or S and together with the 
other, form a ds or trans cyclopropane, qpoxide, aziiidine* or episulfide. 
Concurrently, 5 and \i are either cis or trans to one another, and can be any 
combination of H, alkyl, cycloalkyl, aryl, heterocyclic, heteroaiyl, 
alkylaryl, alkyicycloalkyl, alkylheterocyclic, alkylheteroaryl, and 
optionally substituted derivatives flierein. Preferred in this airangement is 
the ds-cyclopropyl compound. 

When t = 1 , together p and ci form a second bond that is either ds or trans 
{E or Z) such that the overall unit enclosed by t is a double bond. 
Concurrently, 5 and \i are either cis or trans to one another* and can be any 
combination of H, alkyl, alkoxyl, halogen, thioalkoxyl, acyloxyl, 
cycloalkyl, aryl, heterocyclic, heteroaryl, alkylaryl, alkyicycloalkyl. 
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alkylheterocyclic, alkyllieteroaryl^ and optionally substituted derivatives 
therein. Alternatively, together p and a form a second bond while 
concurrently, 5 and |i form a third bond such that the entire unit enclosed 
by t is a triple bond (alkyne). Preferred in this arrangement is the Z- 
double bond. Another example is exemplified when the Z-double bond is 
substituted by 8 and ji such that together they form a ring. This ring can 
be bemzenoid, heterocyclic, hetCToaryl, and so on. 



a = 0-8; c = 0-8; d = 0-8; f = 0-8; h = 0-8; k = 0-8. 

b = 0-4; e = 0-4; i == 0-4 (when b, e or i are =1, double bonds are either E 

or Z; when b, e or i are >1, any mixture of or Z diastereomers is 

possible). 

m = 0-4; n = 04; q = 0-4. 

0 = 0, l;r==0,l;p = 0, l;s = 0, l;t = 0, l;o==0, 1. 

R = cycloalkyl, heterocycloalkyl, alkyl, aryl, heteroaryl, R^NH, RfiRyN, 

RsS, R«SO, R«SQ2, RsSQzNH, R«S02lSIR9, RioCO, RjoOCO, RioNHCO, 

RioRuNCO, R,20, R13SCO, R14NCONHR15, R«NS02NH, R8NSO2NR9, 

Ri(iNCO, R10OCONR16, Ric^OICO, RioRiiNCO, RnSCONRn. 

A = 0,S. 



[01211 



Case 10 repres^ts compounds of the formula: 




wherdn the following apply: 
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R' - R" = independently H, optionally substituted alkyl, cycloalkyl, 
alkylcycloalkyl, aiylalkyl, arjd, heteroaiyl, heterocyclic, aBcylhetraoaryl, 
alkylhetmicyclic. 

W = 0, NH, NR*, S, -S-S-, ^ or ^ or racemic -S(lone pair)0-, -SO2-, - 
SONH-, -NHSO-, -NR'SO-, -SONR'-, -SQ2NH-, -NEKOr, -NR'SOj-; - 
SO2NR'-, -SO3- (sulfonate), C=0, -NHNH-, -N=N-, -NHO-, -ONH-; - 
ONR'; NR'O-, EotZ -CH«=CHs -C^C-; CH2; -ON-; G = O, NH, NR', 
S, -S-S-, i? or 5 or racemic -SOone pair)0-, -SOr, -SONH-, -NHSO-, - 
NR'SO-, -SONR'-. -SO2NH-, -NHSO2-. -NR'S02-; -SOzNR'-, -SO3- 
(sulfonate), OO, -NHNH-, -N=N-, -NHO-, -ONH-; -ONR^ NR'O-, E or 
Z -CH=CHs -C CH2; -ON-; 

E = O, NH, NR.', S, -S-S-, i? or 5 or raconic -S(lone pair)0-, -SO2-, - 
SONH-, -NHSO-, -NR'SO-, -SONR'-, -SO2NH-, -NHSO2-, -NR'SOj-; - 
SO2NR'-, -SO3- (sulfonate), C=0. -NHNH-, -N=N-, -NHO-, -ONH-; - 
ONR*; NR'O-, £ or Z -CH=CH-; -C^-; CH2; -C=N-; 
J = O, NH, NR' (e.g. N-Me), S, -S-S-, J? or 5 or racemic -S(lone pair)0-, - 
SO2-, -SONH-, -NHSO-, -NR'SO-, -SONR'-, -SO2NH-, -NHSO2-, - 
NR'SOz-; -SO2NR'-, -SO3- (sulfonate), C=0, -NHNH-, -N=N-, -NHO-, - 
ONH-; -ONR'; NR'O-, EotZ -CH=CH-; -C ^-; CHj; -C=N- 
X = H, halogen, OR' , O, NH, NR' , S, -S-S-, i? or 5 or racemic -S(lone 
pair)0-, -SO2-, -SONH-, -NHSO-, -NR'SO-, -SONR'-, -SO2NH-, - 
NHSO2-, -NR'SOz-; -SO2NR'-, -SO3- (sulfonate), C=0, -NHNH-, -N=N-, 
-NHO-, -ONH-; -ONR'; NR'O-, or Z -CH=CH-; -C^; CH2; -ON-, 
wi& X attached either meta or para. 

y = H, O, or', NH, NR', S, -S-S-, Je or J or racemic -S(lone pair)=0-, - 
SO2-. -SONH-, -NHSO-, -NR'SO-, -SONR'-. -SO2NH-, -NHSO2-, - 
NR'SOz-; -SO2NR'-, -SOr (sulfonate), CO, -NHNH-, -N=N-, -NHO-, - 
ONH-; -ONR'; NR'O-, £ or Z -C3I=CH-; -C sC-; CH2; -C=N-, with Y 
attached either meta or para. 
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QJL^, V, a, and U are any combination of CH, S, O, N, N-oxide. For 
example, when L and M are both O, a furo-[2,3-6]furan is indicated in 
which the side-chains can be attached to provide the 2,3-; 2,4-; 2,5-; or 

3.4- disubstituted ftiro-[2,3-6]furans. When M and U are both O, a fiiro- 
[3^-b]furan is indicated in which the side chains can be attached to 
provide the 2^-; 2,5-; 2,6-disubstituted £uro-[3>6]furans. When L is an 
oxygen atom a&d M is a nitrogen atom, the resultant heterocycie is a 
fbro[23-6]pyrTole, where substitution can occur at the 2,3-; 2,4-; 2,5-; and 
2,6-positions. 

Z = CCbR^ Rot Sot racemic 5-substituted-thiazolidine-2,4-dione; RotS 
orracemic 3-substituted-pyiiolidine-2,5-dione; all diastereomers of 3,4- 
disubstituted-pyrrolidine-2,5-dione; R otS or racemic 4->substituted- 
azetidine-2-one; 12 or 5 or racemic 3-5ubstituted-azetid]ne-2-one; all 
diastereomers of 3,4-disubstituted-azetidine-2-one; 3-substituted- 
azetidine-2,4-dione; l-substituted-l,3-diazetidine-2,4-dione; 1-substituted- 
l,3-diazetidine-2-one; all diastereomers of l,4-disubstituted-l,3- 
diazetidine*2-one; 5-substituted-2,4-dihydn>-[l,2,4]tiiazol-3-one; 4- 
hydroxy-5-substituted-i;2-dihydro-pyrazol-3-one; 4-alkoxy-5-substituted- 
l,2-dihydro-pyrazol-3-one; 4-alkoxy-substituted-l,2-dihydro-pyrazol-3- 
one; 5-substituted-2H-pyrazole-3,4-dione; 5-substituted-imidazole-2,4- 
dione; 3-substituted-pyrrole-2,5-dione; 3-Hydroxy-4-substituted-pyrrole- 

2.5- dione; 3-alkoxy-4-substituted-pyrrole-2,5-dione; 3-alkoxy-substituted- 
pyrrole-2,5-dione; 5-substituted-oxazolidine-2,4-dione; 5-substituted- 
imidazolidine-2,4-dione; 5-substituted-l,2-dihydro-pyrazol-3-one; 5- 
substituted-2H-tetrazole; 4-substituted-2H-[l,2,3]triazole; 3-substituted- 
lH-[l,2,4]tria2ole; R or S or racemic 5-substituted-3,5-dihydro- 
[l,2,3]triazol-4-one; 5-substituted-2,3-dihydro-[l,2,3]triazol-4-one; R or S 
orracemic 4-substituted-pyrazolidine-3,5-dione; 4-substituted- 
[l,2,4]triazolidine-3,5-dione. Also, all benzo-fused examples of the above 
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monocycles such as, but not limited to: 2, 3, 4 or 5-substituted-isoindole- 
1,3-dione; 3, 4 or 5-substituted-l^-dihydi:o-indazol-3-<)ne; 3, 4 or 5- 
substituted-2H-benzotriazole» and so on. 

Whra t = 1, one of P or y is eitfaer CH2, 0, N, or S and together with the 
other, form a cis or trans cyclopropane, epoxide, aziridine, or q)isulfide. 
Concurrently, 5 and \i are either cis or trans to one another, and can be any 
combination of H, alkyl, cycloalkyl, aryl, heterocyclic, heteroaryl, 
alkylaryl, alkylcycloalkyl, alkylheterocyclic, alkylheteroaryl, and 
optionally substituted derivatives therein. Preferred in this arrangement is 
the cis-cyclopropyl comjMJund. 

When t = 1, together P and y form a second bond that is either cis or trans 
{E or Z) such that the overall unit enclosed by t is a double bond. 
Concurrently, 5 and p. are either cis or trans to one another, and can be any 
combination of H, alkyl, alkoxyl, halogen, fliioalkoxyl, acyloxyl, 
cycloalkyl^ aryU heterocyclic, heteroaiyl, alkylaryl, alkylcycloalkyl, 
alkylheterocyclic, alkylhet^aryl, and optionally substituted derivatives 
tiiorein. Alternatively, togedier P and y form a second bond while 
concuirently, 5 and \i form a third bond such that the entire unit enclosed 
by t is a triple bond (alkyne). Preferred in this arrangement is the Z- 
double bond. Another example is exemplified when the Z-double bond is 
substituted by S and ^ such that together they form a ring. Thisringcan 
be benzenoid, heterocyclic, heteroaryl, and so on. 

Other Formulas of the Invention 

[0122] Compounds within the scope of the invention include the following. 
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[0123] Compoimds of Fonnula 1 are provided: 




Ra-fZ) 



g 



where the following qiply: 



a = 0tol;b = 0tol;c = 0-2;d = 0tol;e = 0tol;f=0to l,g = Oto 1. 
A = OorS. 

R9 Ri - Rii = independently any combination of nau^t (i.e. not present)^ 
H, lone pair of electrons, optionally substituted heteroatomic group, or 
alkyl, cycloalkyl, alkylcycloalkyl, arylalkyl, aryl, heteroaryl, heterocyclic, 
alkylheteroaryl, or alkylheterocyclic group; or optionally substituted ester, 
amide, carbonate, or carbamate. 



W, G, E or J = independently O, N, S, -SQz-^-NHSOaS -SO2NHS C, 
C=0,CH,orCHz 



-NR10SO2R1 1, with X attached eith^ meta or para to the Z containing 
side chain. 

Y = O, N, S, -S02-,-NHSO2-; -SCbNH-; C, C=0, CH, or CH2 with Y 

attached either meta or para to the Z containing side chaiiL 

U can be CH, CX, CY, N, or N-oxide; where the point of attachment of Y 

and X are preferably via carbon atoms in the central ring. 

Z = CO2R9; i? or iS or racemic 5-substituted-tfaiazolidin&-2,4-dione; RorS 

or racemic 3-substituted-pyrrolidine-2,S-dione; S-substituted-oxazolidine- 

2,4-dione; 5-substituted-iniidazolidine-2,4-dione; S-substituted-isoindole- 

1,3-dione; 3-substituted-pyrrole-2,4-dione; 3-Hydioxy-4-substituted- 

pyrrole-2,5-dione; 4-hydroxy-5-substituted-l,2-dihydropyrazol-3-one; 5- 

substituted-l,2-dihydro-pyra2ol-3-one; 4-substituted-pyrazolidine-3,5- 



X = H, halogen, ORio, NRioRu, SR,-S02R» -SO2 NRioRiu or 
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dione; 3-substitiited.lH-[l A4]triazole; 4-substituted-2H-[l,2,3]triazole; 
4-substituted-[lA4]triazolidine-3,5-dione; 5-substituted-2,3-dihydro- 
[l,2,3]triazol-4-one; or 5-substituted-2H-tetrazole. 

[0124] In one embodiment of Foraiula I : 
Ri is a 2, 3, or 4-pyridyl ring; 

R is a lone pair of electrons (Ipe), H, substituted or unsubsituted alkyl or 
aryi group; 
G = CH; 

b^= 0; a, c,d,g and e = 1; 

R2= -(CH2)6to-(CH2)2-; 
R4 = H, CH3,eth54, orpropyl; 

R5= -(CH2^tO-(CH2)4S 

R^ = lone pair of electrons (Ipe) or H, substituted or unsubsituted alkyl or 

aryl group; 

A^OorS; 

J = 0,N,orS; 

Y = 0,N,S,orCH; 

X-H,F,aBr,ort 

U-N,orC3I; 

R« = CH=CH-, C=0, or CH2; 

R9 = H, substituted or unsubstituted alkyl group, or nontoxic metal salt; 
Z = COORp or 5-substitated l,3<-thiazolidine-2,4-dione; 

[0125] In one particular embodiment of Formula 1 : 

Ri is a 4-pyridyl ring; 

R is a Ipe, H, substituted or unsubsituted alkyl group; 
G = CH; 

b,f = 0; a, c,d,g and e = 1 ; 

R2= -(CH2)6tO-(CH2)4S 
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R4 = CH3; 

R5= -(CH2)2-tO-(CH2)4S 

= Ipe or H, substituted or unsubstituted alkyl group; 
A = OorS; 
J = 0,N,orS; 

Y = OorS; 
X = H,F,C1; 
U = CH; 

R« = CH2;aDd 

Z= S-substituted 13-tt>iazolidin&-2,4-dione. 

[0126] In a more particular embodimeDt of Formula 1 : 
Ri is a 4-pyridyl ring 
R = H 

G = CH 

b,f = 0; a, c,d,g and e = 1 

R2=-(CH2)3- 

R4 = CH3 

R5= -(CH2)2- 

R« = ^e 
A = 0 
J = N 

Y = 0 
X = H 
U = CH 

R« = CH2and 

Z= S-substituted 13-fiiiazolidin&-2,4-dione. 
Li one embodiment the comjxjund is: 
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[0127] Compounds also are provided of Formula 2: 



-R,— (W)b- 



Where the followmg apply: 




Re— (-Z) 



g 



a = 0,l;b = 0,l;c = 0-2;d = Oa;e = 0,l;f=0,l,g = 0,L 
A = 0, S. 

R, Ri - Rn = independently any combination of naught, H, lone pair of 
electrons, optionally substituted heteroatomic groiq>, or alkyl, cycloalkyl, 
alkylcycloalkyl, arylalkyl, aryl, heteroaryl, heterocycUc, alkylheteroaryU 
or allcylheterocyclic ffoxsp; or optionally substituted ester, amide, 
carbonate, or caibamate. 

W, G, E or J = independently O, N, S, -SQz-rNHSQr; -SQzNHs C, 
C=0, CH, or CH2. 

X = H, halogen, ORio, NRioRu, SR, -SO^ -SO2 NRioRi 1, -NR10SO2R11, 
with X attached either meta or para to the Z containing side chain. 
Y = O, N, S, -S02",-NHS02-; -SOzNHs C, OO, CH, CH2 with Y 
attached either meta or para to the Z containing side chain. 
U, L, M, Q can independently be CH, CX, CY, S, N, N-oxide. 
Z = CO2R9; R ox Sox racemic S-substituted-thiazolidine-2,4-dione; RoxS 
or racemic 3-substituted-pyrrolidine-2,5-dione; S-substituted-oxazolidine- 
2,4-dione; 5-substituted-imidazolidine-2,4-dione; 5-substituted-isoindole- 
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1,3-dione; 3-substituted-pym)le-2,4-dione; 3-Hydroxy-4-substituted- 
pyrrole-2,5-dione; 4-hydroxy-5-substituted-l^-(lihydropyrazoI-3-one; 5- 
substituted-l^-dihydro-pyrazol-3-one; 4-substituted-pyrazolidine-'3,5- 
dione; 3-substituted-lH-[i;2,4]triazole; 4-substituted-2H-[i;2,3]triazole; 
4-substituted-[l^,4]triazolidine-3,5-dione; 5-substituted-2,3-<ifliydro- 
[l^,3]triazol-4-one; 5-substituted-2H-tetrazole. 

[0128] In one ^bodiment of Formula 2 : 

Ri is a i^-mefliylated 2, 3, or 4-piperidenyl ring. 

R is a Ipe, H, substituted or unsubsituted altyl or aryl group. 

G-C3H 

b/= 0; a, c,d,g and e= 1 

R2 = -(CH2)6 to -(CH2)2- 
R4 H, CH3. ethyl, propyl 

R5= -<CH2)-tO-(CH2)4- 

R6 = Ipe or H, substituted or unsubsituted alkyl or aryl group. 

A = OarS 

J = 0,N,orS 

Y-0,N,S,orCH 

X = H,F,Cl,Br,orI 

U, L, M, Q = independently CH or C, N, NH, O, S 
Rs = CH=CH-orCH2 

R9 — H, substituted or unsubstituted alkyl group, or nontoxic metal salt 
Z = COOR9 or 5-substituted l,3-thiazolidine-2,4-dione 

[0129] Jn one particular embodiment of Fonnula 2: 
Ri is a 4-N-methyl piperidenyl ring. 
R is a Ipe, H, substituted or unsubstituted alkyl group. 
G = CH 

b,f = 0; a, c,d,g and e = 1 
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R2= -(CH2)6tO-(CH2)3- 

R4 = CH3 

R5= -(CH2)-to-(CH2)4- 

Rfi = Ipe or H, substituted or unsubsituted alkyl groiq). 

A=OotS 

J = 0,N,arS 

Y = 0,N,orCH 

X=H,F,C1 

U, L, M, Q = independraitly CH or C, N, NH, or O 
R«=eH2 

Z = 5-substitated l,3-tiliiazolidine-2,4-dione 

[0130] la a more particiilar embodiment of Foiraula 2: 
Ri is a 4-pyridyl ring. 
R=H 
G=CH 

b4"= 0; a,c,d,g and e = 1 

R2= -iCE2>4- 

R4 = CH3 
R5= -<CH2)2- 
R6=H 
A=0 
J=N 

U=0,M.Q=H;L=C 
Y = CH 
X=H 
R8 = CH2 

Z = 5-substituted 13-fliiazolidine-2,4-dione 

and R« and Y are attached 2,5 to one another on the ring. 
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In one embodiment the conq)ound is: 




Where the following apply: 

a = 0,1; b = 0,1; c = 0-2; d = 0,1; e = 0,1; f = 0,1, g = 0,1. 
A = 0,S. 

R, R] — Ri 1 = independently any combination of naught, H, lone pair of 
electrons, optionally substituted heteroatomic group, or alkyl, cycloalkyl, 
alkylcycloalkyl, aiylalkyl, aryl, heteroaryl, heterocyclic, alkjdheteroaryl, 
or alkylhetotocyclic gfoup; or optionally substituted estCT, amide, 
carbonate, or carbamate. 

W, G, E or J = independaitly O, N, S, -SOz—NHSQzS -SO2NH-; C, 
C=0,CH,CH2. 

X = H, halogtsn, ORio, NRioRii, SR, -SO2R, -SO2 NRidRii, -NR10SQ2R11, 
with X attached eitfara' meta or para to the Z containing side chain. 
Y = O, N, S, -S02-,-NHS02-; -SO2NH-; C, O=0. CH, CH2 with Y 
attached either meta or para to the Z containing side chain. 
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U, L, orM can indepeadently be CH,N, NH, S, O, C=0; where tiie point 
of attachment of Y and X are preferably via carbon atoms in the benzo 
ring. 

Z = CO2R9; or iS or racemic 5-substituted-thiazolidine-2,4-dione; RotS 
or rac^c 3-substituted-pynolidine-2,5-dione; 5-substituted-oxazoKdine- 
2,4-dione; 5-substituted-imidazolidine-2,4-dione; 5-substituted-isoindole- 
13-dione; 3-substituted-pyrrole-2,4-dione; 3-Hydroxy-4-substitated- 
pyrrole-2,5-dione; 4-hydroxy-5-substituted-i;2-dihydropyrazol-3-one; 5- 
substituted-i;2-dihydn>pyrazol-3-one; 4-substituted-pyrazolidine-3,5- 
dione; 3-substituted-lH-[l A4]triazole; 4-substituted-2H-[i;2,3]triazole; 
4-substituted-[l^,4]1riazolidine-3,5-dione; 5-substituted-2,3-dihydro- 
[i;2,3]triazol-4-one; 5-substitiited-2H-tetrazole. 

[0132] Iq one embodiment of Formula 3: 
Ri is a SH, S Ac, or SMe. 

R is alpe, H, substituted or unsubsituted aJkyl or aryl group. 
G-CH 

bJF= 0; a, c,d,g and e= 1 
R2 = -(CHzho to -(CHiV 
R4 = H, CH3 , ethyi^ propyl 

R5= -(CH2)-to-(CH2)4- 

= Ipe orH, substituted or unsubsituted aJkyl or aryl group. 
A=OorS 
J = 0,N,CHorS 
Y = 0, N,CHorS 
X = H,F,CUBr,orI 
U,L,M = N,NH,C,CH,S 
R« = CH=CH-orCH2 

R9 = H, substituted or unsubstituted alkyl group, or nontoxic metal salt. 
Z = COOR9 or 5-substituted l,3-thiazolidine-2,4-dione. 
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[0133] In one particular embodiment of Formula 3: 
' Ri is a SAc group 

R is a Ipe, H, substituted or unsubsituted alkyl group 

G = CH 

b/= 0; a, c,d,g and e = 1 

R2= -(CH2)8tO-(CH2)6- 

R4 = CH3 

R5=-(CH2)-t0-(CH2)4- 

R« = Ipe or H, substituted or unsubsituted all^l group. 

A = OorS 

J=0,N,orS 

Y = 0,N,orS 

X = H.F,Cl.Br,orI 

U,L,M = CH,C,NH 

Rs = CH2 

Z - 5-substituted 13-tiiiazolidine-2,4-dione 

[0134] In a more particular embodiment of Formula 3: 
Ri is a SAc group 
R = H 
G = CH 

b^e=0;a,c,d,g = l 

R2= -(CH2)6- 

R4 = CH3 
R5= -(CH2)- 
A = 0 
J = N 
X = H 

U=S;L=C;M=CH 
Rs = CH2 
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R-(G)a- 



Z = 5-substituted l,3-tluazolidine-2,4-dione. 
In one embodiment fhc compound is 

O 




[0135] Provided are compounds of Fonntda 4: 



-Rz — (W)b- 



A 



R4 Re X W=M 

A— R5-(Y)e— 



(E)f Re-fZ) 



g 



Wheire Has following apply: 



a=0,l; b = 0,1; c = 0-2; d=0,l; e = 0,1; f = 0,1, g = 0,1. 
A=0,S. 

R, Ri — Rn = indqpendently any combination of naught, H, lone pair of 
electrons, optionally substituted hetooatomic groiip, or alkyl, cycloalkyl, 
alkylcycloalkyl, arjdalkyl, aryl, heteroaryl, heterocyclic, alkylheteroaryl, 
or alkylheterocyclic group; or optionally substituted ester, amide, 
carbonate, or caifoamate. 

W, G, E or J = independentiy O, N, S, -S02-,-NHS02-; -SQ2NH-; C, 
C=0,CH,CH2. 

X = H, halogen, ORio, NRioRiu SR, -SO2R, -SO2 NRioRiu -NRioSOzRit, 
with X attached eitho: meto or para to the Z containing side chain. 
Y = O, N, S, -S02-,-NHS0r; -SO2NH-; C, C=0, CH, CH2 with Y 
attached eitiier meta or para to the Z containing ade chain. 
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U, L, Q, M can independently be C3i, GX, CY, N, or N-oxide; where the 
point of attachment of Y and X are preferably via carbon atoms in the 
central ring. 

Z = CO2R9; R or S or racemic 5-substituted-thiazolidine-2,4-dione; if or 5 
or racemic 3-substituted-pynolidine-2,5-dione; 5-substituted-oxazolidine- 
2,4-dione; 5-substitut6d-imidazoIidine-2,4-dione; S-substituted-isoindole- 
1 ^-dione; 3-.substituted^pynDle-2,4-dione; 3-Hydioxy-4-substituted- 
pyrrole-2,5-dione; 4-hydroxy-5-substituted-l^-Kiihydropyrazol-3-one; 5- 
substituted-1 ^-^ydro-pyrazoI-3-K>ne; 4nSubstituted-pyra2oU 
dione; 3-substituted-lH-[l A4]triazole; 4-substituted-2H-[i;2^]triazole; 
4-substituted-[l^,4]tria2oUdine-3,5-^one;5-substitu^ 
[1 A3]triazol-4-one; or 5-substituted-2H-tetrazole. 

[0136] In one embodiment of Formula 4: 

Ri is a 2, 3y or 4-0 benzene ring 

R is a ]pe, H, substituted or unsubsituted aUcyl or aiyl group 
G = CH,N 

b,£= 0; a, c,d,g and e = 1 

R2= -{CH2)6tO-(CH2)2- 
R4 = BE, CH3, ethyl, propyl 

R5= -(CH2)-tO-(CH2)4- 

R« = Ipe or H, substituted or unsubsituted alkyl or aiyl group. 

A = OorS 

J = 0,N,CHorS 

Y = 0,N.S,orCH 

X = H,F,a,Br,orI 

U, L, a M can be CH, CX, CY, N, N-oxide 
R« = CH=CH-, C=0, or GHa 

R9 = fl^ substituted or unsubstituted alkyl group, or nontoxic metal salt, 
and 
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Z = COOR9 or 5-sabstituted 13-thiazolidme-2,4-<iione. 

(0137] In one particular embodiment of Formula 4: 
Ri is a 4-pyridyl ring 

R is a Ipe, H, substituted or unsubsituted alkyi group 
G = CH,N 

b,f == 0; a, c,d,g and e = 1 

R2= -(CH2)6tO-{CH2)4- 

R4 CH3 

-<CH2)2-tO-(CH2)4- 

R6 = Ipe or H, substituted or unsubsituted aJkyl gFoiq>. 
A = OorS 
J = 0,N,orS 
Y = OorS 
X = H,F,a 

U, L, Q, M can be CH, CX, CY, N 
R« = CH2 

Z = 5-substituted l^-tiiiazo]idine-2,4-dione. 

[0138] In a more particular embodiment of Formula 4: 
Ri is a 4-Cl benzene ring. 
R = H 
G = CH 

b,i^e = 0; a,c,d,g =1 

R2= -(CH2)3- 

R4 = CH3 
R5=-(CH2)- 
A = 0 
J=N 
X = H 
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U-N;L,Q,MareCH 
Rs = CH2 

Z = 5-substituted l,3-thiazolidine-2,4-dione 
where R« and R5 are on the 2»6 positions of a quinoline ring 
Jn one embodiment the compound is: 

O 

CI 

[0139] Compounds also are provided of Fonnula 5: 




P 
NH 



/ 



Re 



/ 



R<G)a^ R2--(W) b ("), (J)d R5-(Y), 




Whoe tibe following apply: 



(E)f ^-{rZ)a 

\ ^ 
R-r 



a = 0,l;b = 0,l;c = 0-2;d = 0,l;e = 0,l;f=0,l,g = 0,l. 
A = 0,S. 

R, Ri — Rii = indq>endently any combination of naught, H, lone pair of 
electrons, optionally substituted heteroatomic group, or alkyl, cycloalkyl, 
alkylcycloalkyi, aiylalkyl, aiyl, heteroaryl, heterocyclic, alkylhetm>aryl, 
or aUiylhetorocycIic group; or optionally substituted ester, amide, 
carbonate, or carbamate.. 

W, G, E or J = independentiy O, N, S, -SCb—NHSOz-; -SOzNH-; C, 
C=0,CH,CH2. 

X =H, halogai, ORio, NRioRii, SR, :S02R, -SO2NR10R11, -NRioSQ^u. 
Y = O, N, S, -S02-,-ISiHS02-; -SQzNH-; C, C=0, CHi CH2. 
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U, L, Q, h, i or M can be independently CH, N, NH, S, O, C=0. 
Z = CO2R9; i? or jS or racemic 5-siibstituted-thiazoKdine-2,4-dione; RoiS 
orracemic 3-substituted-pyrrolidine-2,5-dione; 5-s«ibstituted-oxazolidine- 
2,4-dione; 5-substituted-imida2X>lidme-2,4-dione; 5-substituted-isoindole- 
1,3-dione; 3-substituted-pyrrole-2,4-dione; 3-Hydroxy-4-substituted- 
pyrrol©-2,5-dione; 4-hydroxy-5'Substituted-i;2-diliydropyrazol-3-one; 5- 
substituted-1 ^-dihydro-pyrazoI-3-one; 4-substituted-pyrazolidine-3,5- 
dione; 3-substituted-lH-[l^,4]triazole; 4-5ubstituted-2H-[i;2,3]triazole; 
4-substitiited-[l ;2,4]triazolidme-3,5-dione; 5-substituted-2,3-diliydro- 
[1 A3]triazol-4-one; 5-substituted-2H-tetrazole. 

[0140] In one embodiment of Formula 5: 

Ri is a SH, SAc, S-aminoacid, or Salkyl. 

R is a Ipe, H, substituted or unsnbsitiited alkyl or aryl group. 

e^b^'^ 0; c,d,g and a = 1 
G = CH,N 

R2= -(CH2)ioto-(CH2)4- 
R4 = H, CH3, efliyl, propyl 

R5= -(CH2)-tO-(CH2)4- 

R6 = Ipe or H, substituted or unsubsituted alkyl or aryl group. 

A = OorS 

J = 0,N,orS 

Y-0,N,orS 

X-H,F, Cl,Br,orI 

U, L, M, Q, h, i independently = N, NH, C, CH, S, or O 
R8 = CH==CH~orCH2 

R9 = H, substituted or unsubstituted alkyl group, or nontoxic metal salt 
Z = COOR9 or 5-substituted l,3-thiazblidine-2,4-dione. 
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[0141] In one particular embodiment of Formula 5: 
Ri is a Sglycinate salt group. 
a,b,f = 0; c,dyg and e = 1 

R is a Ipe, H, substituted or unsubsituted allq'l group. 

R2= -(CH2)8tO-(CH2)6- 

Ri = CH3 

R5= -(CH2)-to-(CH2)4- 
R« = ^pe or H, substituted or unsubsituted alkyl group. 

A=OorS 
G = CH,N 
J = 0,N,orS 
Y.= 0,N,orS 
X=H,F,Cl,Br,orI 

U, L, M, Q, h, and i independently = Oi, C, N, O, S 
R« = CH2 

Z= 5-substituted 13-thiazolidine-2,4-dione. 

[0142] In a more particular embodiment of Formula 5: 
Ri is a Sglycinate salt grovq). 
a,b/= 0; c,d,g and e = 1 
RisaHL 

R2=-(CH2)7- 

R4 = CH3 
R5=-(CH2)- 
A = 0 
G = CH 
J = N 
X = H 

U = S;L = CH;M=N,Q = CH;h = C;i = 0 
R8 = CH2 
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Z = 5-substituted 13-thiazolidine-2,4-dione. 
[0143] in one embodimQat flie compound is: 



CIH3N''''"^Y' 




S 

d 



[0144] Compomids are provided of Foimula 6: 
R<G)3— R2— (W)b-)-C C4-(J),— R6-(Y)e-V 



'Where Ihe following sppty. 



a = 0,1; b = 0,1; t = 0-2; d = 0,1; e = 0,1; f == 0,1, g = 0,1. 
R, Ri -Rii = independently any combination of naught, H, lone pair of 
electrons, optionally substituted heteroatomic groiq), or aBcyl, cycloalkyl, 
alkylcycloalkyl, aiylalkyl, aryl, heteroaryl, heterocyclic, alkylheteroaryl, 
or alkylheterocyclic group; or optionally substituted ester, amide, 
carbonate, or carbamate. 

W, G, E or J = independently O, N, S, -S02-,-NHS02-; -SO2NHS C, 
C=0, CH, CH2. 

X = H, halogen, OR,o, NRioRn, SR, -SO2R, -SO2 NRioRii, -NR10SO2R11, 
'with X attached either meta or para to the Z containing side diain. 
Y = O, N, S, -SOr,-NHS02-; -SO2NH-; C, 0=0, CH, CH2 with Y 
attached either meta or para to the Z containing side chaiiL 
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U can be.CH, CX, CY, N, N-oxide; where the point of attachment of Y 
and X are preferably via carbon atoms in the central ring. 
Z = CO2R9; i? or 5^ or racemic 5-substituted-thiazolidine-2,4-dione; RorS 
or racemic 3-substituted-pyrrolidine-2,5-dione; 5-substituted-oxazolidine- 
2,4-dione; 5-substituted-imidazolidine-2,4-dione; 5-substituted-isoindole- 
l,3^one; 3-substituted-pynole-2,4-dione; 3-Hydroxy-4-substituted- 
pynole-2,5-dione; 4-hydroxy-5-substituted--i;Z-dihydropyrazol-3-one; 5- 
substituted-i;2-dihydro-pyrazol-3-one; 4-substituted-pyrazolidine-3,5- 
dione; 3-substituted-lH-[l A4]triazole; 4«substituted-2H-[l A3]triazole; 
4-substituted-[l A4]triazolidme-3,5-dione; 5-substituted-2,3-dihydro- 
[i;2,3]triazol-4-one; 5-substituted-2H-tetra2ole. 
When t = 1, one of p ory is either CH2, 0,N, orS and together wifli the 
other, form a cis or trans cyclopropane, ^xide, aziridine, or episulfide. 
Concurrently, 5 and \i are either cis or trans to one another, and can be 
any combination of H, alkyl, cycloalkyl, aryl, heterocyclic, heteroaryl, 
alkylaryi, alkylcycloalkyl, alkylheterocychc, alkylheteroaryl, and 
optionally substituted derivatives therein. 

When t = 1, together p and y form a second bond that is either cis or trans 
(E or 2) such that the overall unit ^closed by t is a double bond. 
Concurrently, 5 and |j. are either cis or trans to one another, and can be 
any combination of H, alkyl, alkoxyl, halogen, fliioalkoxyl, acyloxyl, 
cycloalkyl, aryU hetanocyclic, heteroaryl, alkylaryi, alkylcycloalkyl, 
alkylheterocyclic, aDcylheteroaryl, and optionally substituted derivatives 
therein. Alternatively, together p and y form a second bond while 
concurrently, 5 and form a third bond such that the entire unit enclosed 
by t is a triple bond (alkyne). 

[0145] In one embodimait of Formula 6: 
Ri is a 2, 3, or 4-pyridyl ring. 
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R is a Ipe, substituted or unsubsituted alkyl or aryl group. 

a, d, f ,g, t and e = 1; b = 0 

R2= -(CH2)6tO-(CH2)2- 
R5= -(CH2)4-tO-(CH2)- 

R^ - ]pe or H, substituted or unsubsituted alkyl or aryl group. 
E, G, J, Y, W = indepradently O, N, S, C=0, CH, CH2 
X=H,F,Cl,Br,orI 
U=N,CH 

P or Y is either CH2, 0, N, or S and together witii flie other, form a cis or 
trans cyclopropane, double bond, qx)xide, aziridine, or episulfide. 
When both P or y and 5 or ji are double bonds, a triple bond results. 
R8 = CH=CH-orCH2 

R9 = H, substituted or unsubsdtuted alkyl group, or nontoxic metal salt 
Z = COOR9 or 5-substitated 13-thiazolidine-2,4-dione. 

[0146] In one particular ^bodiment of Formula 6: 
Ri is a 3-pyridyl ring. 
RisH 
GisCH 

b, d,f = 0; a,g; t and e = 1 

R2= -(CH2)6tO-(CH2)4- 

R5= -((152)2- to -(CH2)4- 

R6 is a Ipe, H, substituted or unsubsituted all^ group. 
Y = 0,N,orS 
X = H,F,orCl. 
U = CH 

p or Y is eithw CH2, and together with the other, form a cis or trans 
cyclopropane or double bond. 

When both p or y and 5 or ^ are double bonds, a triple bond results. 
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R8 = £orZ-CH=CH- 

R9 = a variously substituted alkyl group. 

Z = COOR9 or 5-substituted l^-thiazoKdine-2,4-<iione. 

In a more particular etnbodimeat of Formula 6: 
Ri is a 3-pyridyl ring. 
RisH 
GisCH 

b,d,f= 0;a,g,tande = l 

R2=-{CH2)3- 
R5= -(CH2)2- 

R« = lpe 
Y = 0 
X = F 
U = CH 

P or Y is a CH2, and together witii the other, form a cis or trans 

cyclopropane. 

R«=J?orZ-CH=<H- 

Z^COORj, 

R9»e&yl. . 



hi one embodiment the compound is: 




O 



[0148] . hi one onbodiment, compounds are provided of Formula 7: 
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R<G)a R2— (W)b-|-C C-j— (J)rf Rs-i 




5 



Where flie following apply: 

a = 0,1; b = 0,1; t = 0-2; d = 0,1; e = 0,1; f- 0,1, g = 0,L 
R, R] -Rn = indepoQdently any combination of naught, H, lone pair of 
electrons, optionally substituted heteroatomic group, or alkyl, cycloalkyl, 
alkylcycloalkyl, arjdalkyl, aiyl, heteroaryl, heterocyclic, alkylheteroaryl, 
or alkylheterocyclic groiq^; or optionally substituted ester, amide, 
carbonate, or carbamate. 

W, G, E or J = independently O, N, S, -SQrrNHSOaS -SCbNHs 
C=0, CH, CH2. 

X = H, halogen, ORio, NRioRn, SR, -SOzR, -SQ2 NRioRu, -NRioSOiRn. 
Y = O, N, S, -SQrrNBGSOz-; -SO2NHS C, C=0, CH, CH2. 
U, V, M, Q independently can be C, CH, CX, S,N, NH, O. 
Z = C02R^ ; Rot Sot racemic 5-substituted-1hiazolidin&-2,4-dione; RorS 
or rac^nic 3*substitated-pyirolidine-2,5-dione; Srsubstituted-oxazolidine- 
2,4-dione; S-substituted-imidazolidine-2,4-dione; S-substituted-isoindole- 
13-^one; 3-snbstituted-pynole-2,4-dione; 3-Hydroxy-4-substituted- 
pynDle-2,5"dione; 4-hydroxy-5-substituted-l,2-dihydropyrazol-3-one; 5- 
substituted-l,2-dihydro-pyrazol-3-one; 4-substituted-pyrazoIidin&-3,5- 
dione; 3-substituted-lH-[l,2,4]triazole; 4-substituted-2H-[l,2,3]tria2X)le; 
4-substituted-[l,2,4]triazolidine-3,5-dione; 5-substituted-2,3Hiihydro- 
[l,2,3]triazol-4-one; 5-substitated-2H-tetiazole. 
When t = 1 , one of p or y is either CH2, O, N, or S and together with the 
other, fonn a cis or trans cyclopropane, epoxide, aziridine, or q>isulfide. 
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Concuirently, 5 and ^ are dther cis or trans to one anotiier, and can Tie 
any combmation of H, alkyl, cycloalkyl. aryl, heterocycUc, heteroaryl, 
alkylaryl, alkylcycloalkyl, alkylheterocycUc, alkylheteroaryl, and 
optionally substituted derivatives iber&a. 

When t = 1, togetber p and y fonn a second bond that is dther ds or trans 
(E or Z) such fbat the overall unit enclosed by t is a double bond. 
Concurrently, 6 and n are eithw cis or trans to one another, and can be 
any combination of H, alkyl, alkoxyl, halogen, thioalkoxyl, acyloxyl, 
cycloalkyl, aryl, heterocycUc, heteroaryl, alkylaryl, alkylcycloalkyl, 
alkylheterocycUc, aUcylheteroaryl, and optionally substituted derivatives 
therem. Alternatively, together p and y form a second bond while 
concurrently, 5 and form a third bond such that the entire unit enclosed 
by t is a triple bond (alkyne). 

M one embodiment of Formula 7: 

R, is a 2, 3, or 4-iV-me<hylpiperidinyl ring 

Ris a ^e, H, substituted or unsubstituted alkjd or aryl group 

a,b,d,f,g,tande = l 

R2= -(CH2)6to-(CH2)2- 

R3 = H, Ipe, substituted or unsubsituted alkyl or aryl groi^ 
R4 = H, Ipe, substituted or unsubsituted alk^d or aryl group 
R5= -(CH2)4-to-(CH2)- 
R6 is a Ipe, H, substituted or unsubsituted alkyl or aryl group 
R7 = H, Ipe, substituted or unsubsituted alkyl or aryl groiip 
E, G, J, Y, W = independenUy O, N, S, OO, CH, or CH2 
X = H,F,orCl 
U = NorCH 

p or Y is either CH2, 0, N, or S and together with the other, form a cis or 
trans cyclopropane, double bond, qjoxide, aziridine, or episulfide 
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when both P or y and 5 or ^ are double bonds, a triple bond results, 
R« = ai=CH-; OO; or CH2 • 

R9 = H, substituted or uosubstituted allcyl gcoiq), ornontoxic metal salt 
Z = COORs or 5-substituted l,3-thiazblidine-2,4-dion^ 5-substitiited-2H- 
tetrazole, 

[0150] In one particular embodiment of Formula 7: 
Ri is a4-N-methylpiperidinyl ring. 
RisH 
GisCH 

b,d,f = 0; a,g, t and e = 1 

R2= -(CH2)4tO-<C3l2)2- 
R5= -(CH2)2-tO-(CH2)4- 

R6 = lpe 
Y = OorS 
X = H.F.a. 
U = CH 

P or y is dfha:CH2, and togedier with Ihe other, form a cis or trans 
cyclopropane or double bond. 

When both p or y and 5 or fi are double bonds, a triple bond results. 
R« = C=0 

Z = 5-substituted l,3-tliiazolidtne-2,4-diane, S-substituted-2H-tetTazole 

[0151] In a more particular embodiment of Formula 7: 
Ri is a 4-N-methytpiperidiiayl ring. 
RisH 
GisCH 

b,d,f = 0; a,g, t and e = 1 

R2= -(CH2)3- . 

R5= -iCHih- 
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R6=H 

Y = CH 
X=H 

U = CH, M =NH, Q =N. V = C 

p or Y is a Ofc, and toge&er with the othCT, fonn a trans double bond, 
F« = P=0 



Z = 5-sabstitated-2H-tetrazole. 

Jn one embodiment the compound is: 




Where the following ^ly. 

a = 0,1; b = 0,1; t = 0-2; d = 0,1; e =• 0,1; f = 0,1, g = 0,1. 

R, Ri -Ru = independently any combination of nau^t, H, lone pair of 

electrons, optionaUy substituted heteroatomic group, or alkyU cydoalkyU 

alkylcycloalkyl, arylalkyl, aryl, heteroaryl, heterocycUc, alkyIhet«oaryl, 
or alkyiheterocycUc group; or optionally substituted ester, amide, 
carbonate, or carbamate. 

W, G, E or I = independentiy O, N, S, -SO2-.-NHSO2-; -SOiNH-; C, 
00, CH, CH2. 

X = H, halogen, OR.o. NRioRn. SR, -SO2R, -SOiNR.oRn. -NR.oSOzRt, 
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Y = O, N, S, -S02-,-NHS02S -SOzNH-; C, C=0, CH, CH2. 
U, L, M independently can be C, CH, CX, S, N, NH, or O. 
Z = CO2R'; or 5 or racemic 5-substituted-tbiazoKdine-2,4-dione; RorS 
or racemic 3-substituted-pyrrolid!ne-2,5-dione; S-substituted-oxazolidine- 
2,4-dione; 5-siibstitated-imidazx)lidme-2,4-dione; 5-substituted;isoindole- 
1,3-dione; 3-substituted-pyrn)le-2,4-dione; 3-Hydroxy-4-substituted- 
pyiTole-2,5-dione; 4-hydroxy-5-substituted-i;2-dihydropyrazol-3-one; 5- 
substituted-l^-dihydro-pyrazol-3-one; 4-substituted-pyrazolid3ne-3,5- 
dione; 3-substituted-lH-[l,2,4]triazole; 4-substituted-2H-[i;2,3]triazole; 
4-substituted-[l^,4]triazolidine-3,5-dione; 5-substituted-2,3^ydro- 
[l^^]lTiazol-4-one; 5-substituted-2H-tetrazole. 

When t = 1 , one of p or Y is eiflier CH2, 0, N, or S and together with the 
other, form a cis or trans cyclopropane, epoxide, aziridine, or episulfide. 
Concurraitly, 5 and [i are either cis or trans to one another, and can be 
any combination of H, alkyl, cycloaHqd, axyl, heterocycUc, heteroaiyl, 
aUqdaryl, alkylcycloalkyl, alkylhetenx^yclic, alkylheteroaryl, and 
optionally substituted derivatives tfa^rdn. 

When t == 1, together P and y fonn a second bond that is either cis or trans 
(E or Z) such that the overall imit enclosed by t is a double bond. 
Concurrently, 5 and \i are dtha: ds or trans to one another, and can be 
any combination of H, alkyl, alkoxyl, halogen, thioalkoxyl; acyloxyl, 
cycloaDcyi, aiyl, heterocyclic, heteroaiyl, alkylaiyl, alkylcydoalkyl, 
alkylheterocyclic, alkylheteroaryl, and optionally substituted derivatives 
therein. Alternatively, together P and y form a second bond while 
concurrently, 8 and ji form a third bond such that the entire unit enclosed 
by t is a triple bond (alkyne). 

[0153] hi one embodiment of Formula 8: 

Ri is an optionally substituted alkyl group. 
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R is a Ipe, H, substituted or unsubsituted alkyl or aiyl group, 

a, b,d, f ,g,tande = 1 

R2= -(CH2)8tO-(CH2)2- 
R3 = H, Ipe, substituted or unsubsituted alkyl or aryl group. 
R4 = H, Ipe, substituted or unsubsituted alkyl or aryl group. 
R5= -(CH2)4-to-(CH2> 

R6 is a Ipe, H, substituted or unsubsituted alkyl or aryl group. 
R7 = H, Ipe, substituted or uiisubsituted alkyl or aiyl group. 
E, G, J, Y, W = independently 0,N, S, C=0, CH, CH2 
X=H,F,ora 

U, L, M canbe C, C3a, CX, S, N,NH, O. 

p or y is dther CH2, 0, N, or S and together wifli the other, form a cis or 
trans cyclopropane, double bond, epoxide, aziridine, or episulfide. 
When both ^ or y and 5 or are double bonds, a triple bond results. 

R« = CH=CHsC=0;CH2 

R9 = H, substituted or unsubstituted alkyl grovq), or nontoxic metal salt. 
Z = COOR9 or 5-substituted l,3-thiazolidine-2,4-dione, 5-substituted-2H- 
tetrazole; 3-substituted-pyrrole-2,5-dione. 

[0154] In one particular embodiment of Formula 8: ^ 
Ri is a 4-N-mefhylpiperidinyl ring 
RisH 
GisCH 

b, d/=0;a,g,tande=l 
R2= -(CH2)8to-(CH2)2- 
R5= -(CH2)2-to-(CH2)4- 
R6 is a Ipe, H, substituted or unsubsituted alkyl group. 
Y = OorS 

X = H,F,orCl 
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U = CH 

p or y is either CH2, and together with the other, form a cis or trans 
cyclqpropane or double bond. 

Whrai both P or y and S or p are double bonds, a triple bond results. 
R8 = C=0 

Z = 5-substitnted 13-thiaz6Kdine-2,4-dione, 5-substituted-2H-tetrazole. 



[0155] In a more particular embodiment of Formula 8: 



Ri is a ttdoglycinate HCl salt. 

Rislpe 

GisS 

b,d/,e = 0;a,g,t=l 

R2= -(CH2)7- 

R5=-(CH2)- 
X = H 

U=S,L = C;M=N 

P or y together with die other, fonn a cis double bond. 
R«= trans-CH=CH- 
Z = C02Et 

hi one embodiment die con^)ound is: 
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[0156] Fonnula 9 rq>resents compounds of the fonnnla: 



8 H 



„ R4 R6^\/=M 



(E),— R8-fz)^ 



Where the foUowing apply. 

a = 0,1 ; b = 0,1; t = 0-2; d = 0,1; e = 0,1; f = 0,1, g = 0,1. 

R,Ri -R„ =mdependmtly any combmatioa of naught. H, lone pair of 

electrons, optionally substituted heteroatomic group, or alkyl, cycloalkyl, 
alkylcycloalkyl, arylalkyl, atyl. heteioaryl, heterocycUc, alksdheteroaryl. 
or alkylheterocyclic group; or optionally substituted ester, amide, 
caxbouate, or carbamate. 

W, G, E or J = independently O, N, S. -SCV.-NHSOr ; -SO2NH-; C, 
C=p,CH,orCH2. 

X = H, halogen, OR,o. NRioRii, SR, -SO2R, -SO2 NRioRii, or - 
NRioSOJRn. 

Y = O, N, S. -S02-,-NHS0r; -SO2NH-; C, C=<), CH, CH2. 
U, L, M and Q can independently be C, CH, CX, S,N,NH, O. 
Z = CO2R* ; /J or 5 or lacemic 5-substituted-thiazolidin&-2,4-dione; RaiS 
orracemic 3-substituted-pyiroUdin&-2,5-dione; 5-substituted-oxazoUdine- 
2,4-dione; 5-substituted-iniidazoKdme-2,4-dione; 5-substitutedrisoindole- 
U^one; 3-substituted-pyrrole-2,4-dione; 3-Hydroxy-4-sub8tituted- 
pyrrole-2,5-dione; 4-hydroxy-5-substituted-i;2-dihydropyrazol-3-one; 5- 
substituted-l,2-dihydro-pyra2ol-3-one; 4-substituted-pyrazoUdine-3,5- 
dione; 3-substituted-lH-[U,4]triazole; 4-substitated-2H-[U,3]triazole; 
4-substituted-[l,2,4]triazoUdine-3,5-dione; 5-substituted-2,3-dihydro- 
[l,2.3]tria2ol-4-one;5-substituted-2H-tetrazole. 
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When t = 1 , one of P or y is either CH2, 0, N, or S and together with the 
other, form a cis or trans cyclopropane, epoxide, aziridine, or episulfide. 
Concurrently, 5 and |i are either cis or trans to one another, and can be 
any combination of H, alkyl, cycloalkyl, aryl, heterocyclic, heteroaryl, 
alkylaryl, alkylcycloalkyl, alkylheterocyclic, alkylheteroaryl, and 
optionally substituted derivatives thereiiL 

When t = 1 , together p and y form a second bond that is either cis or trans 
(E or Z) such that the overall unit enclosed by t is a double bond. 
Concurrently, 6 and |X aie either ds or trans to one another, and can be 
any combination of H, alkyl, alkoxyl, halogen, fbioalkoxyl» acyloxyl, 
cycloalkyl, aryl, heterocyclic, heteroaryl, alkylaryU alk^cycloalkyi, 
alkylheterocyclic, alkylheteroaryl, and optionally substituted derivatives 
therein. Alternatively, together P and y form a second bond while 
concurrently, 5 and |x form a third bond such that the entire unit enclosed 
by t is a triple bond (alkyne). 

101.571 In one CTibodiment of Formula 9: 
Ri is a 2, 3, or 4-pyridyl group. 

R is a Ipe, H, substituted or unsubsituted alkyl or aryl group. 
a,b,d, f ,g, t and e = 1 

R2- -(CH2)8tO-(CH2)2- 

R3 = H, Ipe, substituted or unsubsituted alkyl or aryl group. 
R4 = H, Ipe, substituted or imsubsituted alkyl or aryl group. 
R5= -{CH2)4-to-(CH2)- 
R6 is a Ipe, H, substituted or unsubsituted alkyl or aryi group. 
R7 = H, Ipe, substituted or unsubsituted alkyl or aryl group. 
E, G, J, Y, W = independently 0,N, S, C=0, CH, CH2 
X = H,F,orCl 

U, L, M and Q can indepradently be C, CH, CX, or N. 
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P or y is either CH2, 0, N, or S and together with the other, form a cis or 
trans cyclopropane, double bond, epoxide, aziridine, or spisulfide. 
When both p or 0 and 5 or jx are double bonds, a triple bond results. 
R« = CH=CHs OO; or CH2 

R9 = H, substituted or unsubstituted alkyl group, or nontoxic metal salt 
Z = COOR9 or 5-substituted l,3-thiazolidine-2,4-dione, 5-substituted-2H- 
tetrazole; 3-substituted-pyrrole-2,5-dione. 

In one particular embodiment of Formula 9: 
Ri is a 4-N-methylpiperidinyl ring. 
RisH 
GisCH 

b,d4"= 0; a,g, t and e = 1 
R2= -(CH2)8to-(CH2)2- 
R5= -(CH2)2-to-(CH2)4- 
R^ is a Ipe, H, substituted or unsubsituted alkyl groi^- 

Y = OorS 
X-H,F,a. 

U, L, M and Q canindq)aidently be C, CH, CX,N. 

p or a is either CH2, and together with the other, form a cis or trans 

cyclopropane or double bond. 

When both p or a and 5 or ^ are double bonds, a triple bond results. 
R8« trans HC=CH 

R9 = a variously substituted alkyl group. 

Z = COOR9 or 5-substituted l,3-thiazolidine-2,4-dione. 

In a more particular embodiment of Formula 9: 
R, is a fliioglycinate HCl salt. 
Rislpe 
GisS 
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b,d,f,e = 0;a,g,t=l 

R2== -(CH2)7" 
R5= -(CH2)- 

X=H 

U,L=N;M,Q»CH 

p or a toge&er vnOx ^ ofher, foim a cis double bond. 
Rg= trans -CH=CH- 

Z = -C02Et. 

In one embodiment the conq>ound is; 




[0160] Conq>oimds are provided of Formula 10: 




R7 

Where the following apply: 

a = 0,1 ; b - 0,1; c - 0-2; d = 0,1; e = 0,1; f = 0,1, g = 0,1.. 
R, Ri - Ru = indepCTdeotly any combination of naught, H, lone pair of 
electrons, optionally substituted heteroatomic group, or alkyl, cycloalkyl, 
alkylcycloalfcyl, arylaHcyl, aryl, heteroaryl, heterocyclic, alkyiheteroaryl, 
or alkylheterocyclic group; or optionally substituted ester, amide, 
carbonate, or carbamate. 
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W, G, E or J = ind^endently O, N, S, -S0r,->'HS02-; -SO2NH-; C, 
C=0,CH,orCH2. 

X = H, halogen, ORjo, NRioRu, SR, -SO2R, -SO2 NRioRii, or - 
NRioSOzRii. 

Y = O, N, S, -S02-rNHS02S -SO2NHS C, C=0, CH, or CHz- 
U, L, Q, h, i or M can independently be CH, N, NH, S, O, or C=0. 
Z = CO2R9; jR or 5 or racemic 5-substituted-11riazolidine-2,4-dione; RoxS 
orracemic 3-siibstitiJted-pynolidine-2,5-dione; 5-substitated-oxazoUdine- 
2,4-dione; 5-substituted-iimdazoadine-2,4-dione; 5-substituted-isomdole- 
13-dione; 3-substituted-pyrrole-2,4-dionr, 3-Hydn)xy-4-substitated- 
pyrrole-2,5-dione; 4-hydroxy-5-substituted-l,2-dihydropyiazol-3-one; 5- 
substitated-l,2-dihydro-pyrazol-3-one;4-substituted-pyiazoUdine-3,5- 
dione; 3-substituted-lH-[i;2,4]triazole; 4-substitHted-2H-[l ASltnazole; 
4-substituted-[l,2,4]triazoUdine-3,5-dione;5-substitated-2i3-dfliydio- 
[ 1 ,2,3]triazol-4-one; 5-substituted-2H-tetrazole. 
When t = 1 , one of P or Y is either CH2, 0, N, or S and together with the 
olhra-, fonn a cis or trans cyclopropane, epoxide, aziiidine, or episulfide. 
Concunently, 5 and fi are ather cis or trans to one another, and can be 
any combination of H, alkyl, cycloalkyl, aryl, heterocycUc, heteroaryl, 
alkylaryl, alkyicycloalkyl, alkylheterocycUc, aUcylheteroaryl, and 
optionally substituted derivatives therein. 

When t = 1 , togeflier p and 7 form a second bond that is either cis or trans 
{E or Z) such that tiie ovraall unit enclosed by t is a double bond. 
Concurrently, 5 and ji are either cis or trans to one another, and can be 
any combination of H, alkyl, alkoxyl, halogen, thioalkoxyl, acyloxyl, 
cycloalkyl, aryl, heterocycUc, heteroaryl, alkylaryl, alkyicycloalkyl, 
alkylheterocyclic, alkylheteroaryl, and optionally substituted derivatives 
therein. Alternatively, together p and 7 form a second bond vtMe 
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concurrently, S and \i form a third bond such that the entire unit enclosed 
by t is a triple bond (alkyue). 

[0161] In one embodiment of Formula 10: 

Ri is an optionally substituted heterocycloalkyl 

a, b,f,c,d,g and e = 1 

R2= -(CH2)ioto-(CH2)4- 
R» = H, CH3, ethyl, propyl 

R5- -(CH2)-tO-(CH2)4- 

R6 is a Ipe, H, substituted or unsubsituted alkyl or aryl group. 

J = 0,N,orS 

Y = 0,N,orS 

X = H,F,Cl,Br,orI 

U, L, M, Q, b, i = indq>endently N, NH, C, CH, S, O 
P or y is either CH2, 0, N, or S and together with the other, form a cis or 
trans cyclopropane, double bond» epoxide, aziridine, or episulfide. 
When both p or a and 5 or fi are double bonds, a txiple bond results. 
R8 = CH=CH-QrCH2 

R9 = H, substituted or unsubstituted alkyl groiqp, or nontoxic metal salt 
Z = COOR9; or 5-substituted 13-tfaiazolidine-2,4-dione, 3-substituted- 
pyrrole-2,4-dione 

[0162] in one particular embodiment of Formula 10: 

Ri is a 4-piperidinyl group with an amino-add amide bond to the ring N. 

b, f,e,d = 0;a,g=l 

R2= -(CH2)8tO-(CH2)6- 

R4 = CH3 

R5= -(CH2)-to-(CH2)4- 
' R6 is a Ipe, H, substituted or unsubsituted alkyl group. 
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A = O or S 
J = 0,N,orS 
Y = O.N,orS 
X = H,F,orCl 

U, L, M, Q, h, and i = independently CH, C, N, O, S 

P or Y is either CH2, and togetiier with the other, fbmi a cis or trans 



R« = CH2 

Z= S-siibstitiited i;3-fliiazoUdine-2,4-dione, 3-svAstituted-pyrrole-2,4- 
dione 



[0163] Itt a more particular embodiment of Formula 10: 

Ri is a 4-piperidylglycinainide HCL salt groiq). 



R = H 
G = CH 

bAe,d = 0;a,g=l 

R2= -(C3l2)4- 

Rs=-(CH2)- 
X = H 

U=0;L = C;M = CH,Q=CH;h=C;i = 0 

P or y is CH2 together with flie otiier, form a trans cyclofpropane. 

R« = CH2 

Z == 3-substituted-pynole-2,4-dione. 
In one embodiment the compound is: 



cyclopropane, or cis or trans double bond. 



H 



.0 



CIH3N 



H 




O 



:0 



O 
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Schemes for Preparation of Compounds of the Disclosed Formulas 

[00100] In view of the foregoing schemes, the disclosure herein, and knowledge in the 
art, the synthesis of the compounds of the invention described herein is possible by one 
skilled in the art of organic synthesis. Techniques available in the art are described, for 
example, in J. A. Joule and K. Mills '^Heterocyclic Chemistry'', Fourth Edition, Blackwell 
Scimce, Oxford (2000), pp. 1-589; Gilchrist, T. L. ''Heterocyclic Chemistr/' 3*^ Ed., 
Longman, Essex (England), 1997, pp. 1-414 pgs; "The Chemistry of Heterocyclic 
Compounds", Vols. 1-58, John Wiley & Sons, N.Y. 1950-1984 (Weissberger, A., Editor); 
1985-ourrent (E. C. Taylor, Ed.). 

[00101] For the formulas noted, examples of starting materials that are either 
commercially available or have been constracted in the literature for preparing specific 

Formula 2, Commercially Formula 3. [7312-1 8-71 
Fomnula 1,6; X = F, H; Commerdally Available Available 




Formula 4, [59394-26-21 Po,^u,3 [53218-26-11 

Fomiuia 7; commerically 
available 




Formula 9, [1770-42-9] 
embodiments are provided by CAS registry number are shown below. 



[0164] The synthetic preparation of examples for Case 1 is presented in tiie following 
Schemes, in these cases, substituted acids are required for coupling with ^propriate 
amines to obtain required targets. Some rq>resentative acids are shown in Scheme 1, 
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such as the cycloalkyl-alkyl acids 1-5; the aryl-alkyl acids 6-1 1 ; and the heteroaryl-alkyl 
acids 6h - llh. The acids are selected jfrom Scheme 1 but are not restricted by the 
Scheme. For exan^>le, a quinohnylalkyl acid is representative of a benzo fused- 
heteroaryl alkyl acid. On flie other hand, heterocycloalkyl R groups are represented by 
piperidinyl orpiperazinyl moieties, or any other optionally substituted heterocyclic ring 
system such as those containmg O, N and/or S, SO SONH, SO2NH, or SQ2. The acids 1- 
11 and 6h-l ih are available commercially or can be prepared by known methods. 

Scheme 1 

[>(CH2)m-(CH2)„-COOH 

1, cyclohexyl hexanoic add, m = 4, n = 5 

2, cyclopentyl hexanoic acid, m = 4, n =4 

3, cyclopropyl hexanoic acid, m = 4, n =3 

4, cyclohexyl pentanoic acid, m = 4, n = 4 

5, cyclopentyl pentanoic acid, DDL = 3, n = 4 

R4R5 
R3--^y-(CH2)n-COOH 

R2 Ri 

6, 5-Phenylvaleric add, Ri=R2=R3=*4=R5=H, n = 4 
7, 4i>henylbutyric acid, Ri=R2=R3=R4=R5=H, n = 3 
8, 3-Phenylpropionic acid, Ri==R2=R3=R4=R5=H, n = 2 
9, 5-Phenylacetic acid, Ri=R2=R3=R4=R5=H, n = 1 

10, 3-(3,4-dime1hoxyphenyl)pTopionic acid, Ri,R4JR5=H, R2=R3=OMe, n = 2 
ll,3-(3,4-dimedioxyphenyl)aceticacid, R^ Jl4,R5=H, R2=R3==OMe, n =1 
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R3— L >-(CH2)n"COOH - 






R2 



6h, 5-(2-pyridyI)vaIeric acid, Rj= Ip; R2=R3=R4=4l5=H; Q = N; L, E = C, n = 4 
7h, 4-(2-pyrididinyl)butyric acid, Jl5=lp; R2=R3=R4=H; Q,E = N; L = C; n = 3 
8h, 3-<3-pyriimdinyl)propiomc acid, Ri,R3=lp; R2=R4=R5=H, Q, L=N, E= C, n = 2 
9h, 2-(4-pyridyl)acetic acid, Rj=R2=R3=R5=H, R4=lp; L=N; Q, E=C; n == 1 
lOh, 2-(3,4-dimethoxypyridyl)propiomc acid, R]=lp; R2=R5=H, R3=R4= OMe, Q=N; EJL=C; 

Hh, 2K4,5-Kiimethoxypyriimdinyl)acetic acid, Ri=R5lp; R4=H, R3=R4= OMe,Q,E=N; L=C; n 



[0165] As examples, the synthesis of compounds 17, 18, and 20 is shown (Scheme 3) 
in which, as Case 1, the following conditions apply: R = cyclopentyi; u,r,c,b,e,f,s,i and k 
= 0; A,Y = O (at para position); h,q,m,n,o and p = 1 ; R2,R3 JW^7^Rl 0^1 1 ,X, = H; a = 4; J 
- N, Ri = CH3; d = 2; L,Q,U, V, □ and M - CH; and Z - CO2CH2CH3 (17); Z = CO2H 
(1 8); or Z = thiazolidine-2,4-dione (20). 

[0166} A precuisor for Schraie 3, 5-(CyclopCTtyl)pentanoic acid is prepared by 
employing a modijBed procedure to the one reported (N[agumao,et al. Tetrahedron 49 
(46), 1993, 10501-10510) starting fiom cyclopentanone 12 as shown in Scheme 2. Self- 
condensation of cyclopmtanone 12 in the presence of ethylene glycol and boron 
trifluoride-etheratefumishesthehydroxy ethyl ester 13. Transesterification with 
methanol and potassium caibonate converts 13 into tiie methyl ester 14. Catalytic 
hydrogenation reduces the double bond to give methyl 5-(cyclopentyl)p^tanoate 15. 
Ester hydrolysis of 15 occurrs readily using sodium hydroxide to give the desired acid 5. 



(Ip = lone pair of electrons) 
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Scheme 2 




[0167] With the requisite acid(s) in hand, amide fonnation with the appropriate 
amines furnishes the desired targets. Linking the amine 16 with the acid 5 occurs under 
activation of the caiboxylic acid with dicyclohexylcarbddiimide (DCC) to give the 
desired target 17 as shown.in Scheme 3. 

[0168] Other common methods of carboxylate activation such as by conversion to the 
acid chloride, N-hydroxysuccinamide/DCC, N- 

hydroxybenzotriazole/diisopropylcaibodiimide, etc. can be employed as well for these 
couplings. Hydrolysis of the ester 17, a prodrug of the bioactivated ftee add, provides 
caiboxylic acid 18. Alternatively, coupling of the known amino-thiazolidinedione 19 
with acid 5 leads to the production of the cyclopentyl terminated thiazolidinedione 20. 



Scheme 3 
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[01 69] In Case 1 , when R = cyclopentyl; u^,c,b,e,^s,i and k = 0; A,Y = O (at para 
position); h,q,niAO and p « 1; R2jR3jR6^7jRio3^ii; a = 4; J = N, R, = CH3; L,Q,U, V, a 
and M = CH; and Z = CO2CH2CH3, d = 3 and X = m-Cl, the ethyl ester 25 is obtained 
(Schraie4). Hydrolysis of this ester gives the caiboxjdic add 26. The homologated 
precursor, amine (Berger, et al, JJBiol Chem, 1999. 274: p. 6718-6725) 21, which is one 
carbon atom longer tihan 19, is prepared as shown in Scheme 4. 



Scheme 4 




H 21 



Key: a) 22, MsCl Pyridine and then (23 + NaH); b) HCl, dioxane; c) DCC, 
dichloromefhane, triethylamine and 5; then add 21; and d) NaOH, MeOH, water. 

[01 70] The phenol 23 is coupled with the f-BOC alcohol 22 via its mesylate to 
furnish the /-BOC protected amine 24. The /-BOC protecting group is r^oved by add 
treatment to furnish the desired amine 21. As in other cases, the final acid coupling 
occurs readily to afford the target amide 25. Hydrolysis of 25 smoothly furnishes the 
add 26. 

[01 71 ] A similar strategy may be employed to prepare targets from Case 1 , where 
(Y)p is oriented meta and X ==para-methoxy as shown in Scheme 5. The alcohol 22 is 
coupled with ethyi homovanillate 27 to give the meta oriented t-BOC compound 28. 
Deprotection of the ^BOC group furnishes the desired amine 29, which is coupled wifli 
acid 5 (or other examples, e.g. 1-1 1, 6h-l Ih) to give ethyl ester 30. Hydrolysis, as 
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before, gives the acid 31. FortargetsasinCaseI.whereZisthia2oHdinedione.a 
slighUy different strategy is employed as depicted in Scheme 6. Isovanillin 32 is first 
coupled with t-BOC alcohol 22 via the mesylate to furnish the aldehyde 33. 



Scheme 5 



Bpc'N>..-s^H + Y^pCOOEt 
22 2' 



a BOC OMe 



MeO. 
O 



:ooEt 





, OMe 



29 



10172] The aldehyde 33 thus fonned is then condensed with thiazoUdinedione 
(Bemhard.etal.^M«i Cfe«.35, 1992, 1853-1864; Qaric. etal.^ M«i 0^.34, 
1991, 319-325), to provide Ihe adduct 34, which is reduced using sodium dithionite to 
give the desired TZD compound 35. Deprotection of the /-BOC group gives the amine 
36. which ,s coupled with desired acids (e.g. 1-1 1. 6h-llh). which in Scheme 6 was 
phenylvaleric add 6. 



Scheme 6 

Bcx: 



^ It -n UbTT'^ 
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Key: a) 22, MsQ, pyridine and then (32 + NaH); b) 2,4-Thiazolidinedione, NaOAc, 
AcOH; c) Sodium dithionite; d) HCl; dioxane; and e) DCC, dichloromethane, 
triethylaniine and 6; then add 36. 

[01731 In certain instances a totally different approach needs to be employed to 
prepare these targets as represented in Scheme 7. 

Scheme 7 




[01741 The acid 38 is first coupled with the amino alcohol 39 via the mixed 
anhydride prepared m5flw using isobutyl<±lorofoimate and The resulting 

alcohol 40 is then converted to the bromide 41 using bromine and triphenylphosphine. 
Wagner,et al. 7. Chenu Soc Chem. Comm. 1989, 1619. With flie bromo compound 41 m 
hand, coupling to the phenols 34-39 corresponding to the different structural classes via 
the phenoxides provides the desired targets. 



Scheme 8 
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[01751 For those targets as in Case 1, where p = 0 a different strategy is employed, as 
described in Scheme 9. The phenol 45 is converted to the triflate 47 by treating it with 
PhNTf2 in the presence of DMAP. 

(0176] The triflate 47 is then coupled with the iodocompound 51 (Fiber, et aL Org. 
Lett. 1999, 1323-1326), which is prepared from its alcohol 50 by treating witti iodine and 
triphenylphosphine, to give the /-BOC compound 48. The t-BOC group is removed in 
the presence of acid to give the free amine 49 which is coupled with the acids 1-1 1, 6h- 
1 Ih to arrive at the targets as shown in Scheme 9. 



Scheme 9 




[01771 Cinnamates such as 55-58 (Scheme 1 1) are excellent stereoelectronic 
mimetics for fte corresponding 1hiazolidine-2,4-diones (e.& 56 vs. 20). An ovorlay of 20 
with 56 (Figure 1) shows neari)erfect aligmnent of the acidic protons, the aiyl lings, and 
flie tenninal cyclopentyl rings. These same space-filling and hydrogen bonding 
c^abilities are confirmed in docking studies with PPAR-y. 

[0178] A prodrug of the carboxyl group is a logical necessity for optimization of oral 
or topical bioavailability, such as, but not limited to, the simple eth>i ester 55. Synthesis 
of 55 and 56 follow from previous schemes, and are shown in Schemes 10 and 11. The 
first step is to prepare the cinnamyl amine (54, Scheme 10) followed by coupling to a 
carboxyUc acid. In Scheme 1 1, the cyclopentyl (55, 56) and phraiyl (57, 58) R groups 
were arbitrarily selected as examples of the method. 
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Scheme 10 




Key: a) 22, MsQ, pyridine and then (52 + Nail); b) HQ, dioxane. 



Scheme 11 




{0179] In addition to benzoic acids, aiylacetic acids, aryloxyacetic acids, cinnamic 
acids, and 5-thiazolidin6-2,4-diones (TZD), many other acidic moieties can substitute 
successfully for the TZD 'Tiead group" of PPAR-a,7 and/or 5 ligands. A limited set of 
examples of heterocyclic *1iead groups'* that can substitute for the TZD moiety is shown 
in Figure 2. For example, the succinamide analog 64, a 3-substituted pynohdine-2, 5- 
dione in which X = CH2, could be prepared as shown in Scheme 13. 
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Scheme 13 




[0180] Alternatively, when X = S, the thiazolidinedione 63 is afforded. Using the 
known ^-BOC protected benzyaldehyde-amine 59 for Aldol condensation with 
succinamide furnishes the conjugated benzyUdenylsuccinamide 60, or TZD analog, 60x. 
Reduction, as with the TZD analog, occurs with dithionite to give either 61x (X = S), or 
alternatively, occurs readily with hydrogenation conditions (H2/Pd-Q, or even dissolving 
metal (Al-Hg amalgam, wet THF) when X = CH2, to give 6 1 . Now, as before, /-BOC 
dq)rotection with anhydrous HCl in dioxane affords 62, and finally, coupling of the 
andne with whatever caiboxylic acid is desired, in this case 6 is selected, to provide 
targets 63 or 64. Obvious extensions of the chemistry presented to this point are to 
include heteroatoms via the azine and dizaine classes, and to prq>are.tfie corresponding 
caiboxylic acids for coiqpling with 19 or 62 as before in Scheme 13. 

[0181] While many other possibilities exist, the synthesis of 65 as in Scheme 14 is 
instructive for the entire class, essentially, and is based on the availability of the 
corresponding azine aldehyde. The route to interconvert the aryl aldehyde to the 
saturated acid is simply to conduct a crotonic phosphonate derived Homer Emmons 
condensation to homologate the aldehydes up to the corresponding pentadieneoic acids as 
shown in Scheme 15. 



Ill 
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Scheme 15 




[0182] The 2ff-tetrazole ring is a good isoelectronic replacemetit for a caiboxylic 
add or TZD group. As shown in Scheme 16, fhe tetrazole variant 81 is readily prepared 
ftom the coiresponding nitrile 78 Mpon treatment with azide ion, foUowed by r-BOC 
dq>rotection and coupling to the pyridyl acid 80. 

Scheme 16 



80 




O 



Key: a) 22, MsCl, pyridine, CH2CI2; then [(p-hydroxyphenyl)acetonitriie + NaHTj; b) 
NaNs, DMF; c) HCU dioxane; d) DCC, then 79. 
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[0183] Other non-limiting examples of possible Z groups is provided by the 5- 
substitutcd i;2-dihydropyrazol-3-one 69, the 4-substituted i;2-dihydiopyrazol-3-oue 70, 
the 4-substituted pyrazolidine-S, 5-dione 71 , or the P-lactam derivative, a potentially 
subversive substrate, shown in Figure 3. 

METHODS OF USE OF THE COMPOUNDS 

[01 84] The compounds can be used in a variety of therapeutic ^plications. 

[0185] This invention relates to the prevention and treatment of diseases involving 
tissues that express PP ARgamma and/or PPARalpha, and/or PPARdelta and to new 
methods for treating inflammatory, proliferative, degoaerative diseases, and diseases 
involving angiog^esis and neovascularization, deriving fir)m organs and tissues of all 
embryological origins. These include vitreoretinopathies and uveitis, hereditary and non- 
hereditary degenerative neural (e.g. midtiple sclerosis) and retinal diseases (e.g. retinitis 
pigmentosa), diseases resulting from hypoxia or vascular ischemia (e.g. ischemic heart 
disease), diseases involving angiogenesis and neovascularization (e.g. neoplastic 
diseases), age-related degenerative diseases (e.g, of the retina and sldn) such as those 
associated with diabetes, ischemia and aging, and degmerative or dystrophic diseases or 
involving premature spoptosis (e.g. retinal dystrophies and retinopathies resulting from 
glaucoma), and chronic S3^emic diseases (e.g. diabetes, congestive heart &ilure, asthma, 
chronic obstructive pulmonary disease, cardiomyopafliy, hypertension^ atheroscl«x>sis, 
myocardial fibrosis, osteoporosis, inflammatory bowel diseases). This invention relates to 
the treatment of diseases tissues and organs regardless of etiological agent For example, 
the treatment of corneal injury or ulceration caused by imrelated etiological a^ts: 1) 
foreign body (e.g. contact lens), infectious agent (e.g. Candida albicans, chlamydia 
trachomatis, cytomegalovirus or human immunodeficiency virus), physical agent (e.g. 
UV radiation), chemical agent (e.g. acids, caustic solvents) chronic systemic disease (e.g, 
autoimmune or collagen vascular diseases). 
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[0186] The invention can be used to treat various diseases. Some examples of 
specific embodiments of this invration are described below. 

[0187] The compounds can be used to treat the group of metabolic diseases 
associated with insulin resistance, that consists of: obesity, type 2 diabetes mellitus, 
gestational diabetes, impaired glucose tolerance, Cushing's syndrome (e.g. secondary to 
chronic glucocorticoid therapy), polycystic ovarian syndrome. The compoimds can be 
used to treat the metaboUc disease, osteoporosis. 

[0188] The compounds can be used to treat inflammatory, prolif^ative or 
degenerative skin disease, such as psoriasis, keratitis, hidradenitis, ichthyosis, acne 
vulgaris, rosacea, verrucae and other HPV infections, atopic dermatitis, allergic 
dermatitis, chemical (irritant) dermatitis, seborrheic dennadtis, solar dermatitis, acute and 
chronic eczema, sebonfaeic keratosis, senile keratosis, actinic keratosis, photo-induced 
keratosis, skin aging, thinning skin, dry skin, wrinkle formation, photo-induced sldn 
aging,' keloids, lichen planus, acute or chronic pruritus. 

[0189] The compounds can be used to treat occlusive vascular disease, such as 
atherosclerosis, thrombosis, thromboonbolism, restenosis after an invasive procedure 
(e.g. angioplasty and vasciilar grafting). 

[0190] The compounds can be used to treat cardiovascular disease, such as arteritis, 
endarteritis, endocarditis, myocarditis, arterial plaque (fibrous cap) rupture, acute 
coronary syndrome, unstable angina, inyocardial infarction, myocardial ischemia, 
ischemic cardiomyopathies, non-ischemic cardiomyopatibies, post-myocardial infarction 
caidiomyopafhy and myocardial fibrosis, drug-induced cardiomyopathy, congestive heart 
failure. 

[0191] The compounds can be used to treat occlusiye vascular disease associated 
with hyperglycemia, hyperinsulinemia, or obesity, 

[0192] The compounds can be used to treat ophthalmic inflammatory disease such as 
uveitis, uveoretinitis, panuveitis, retinitis, iridocyclitis, immunological endophthalmitis. 
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choroiditis, vitreitis, keratitis, dry eye syndrome, corneal ulceration, age-related macular 
degeneration, glaucoma, conjunctivitis, and conjunctival ulceration, and neovascular 
proliferative disease such as age-related macular degeneration, exudative macular 
degeneration, atrophic macular degeneration, crystallrae retinopatiiy, retinal toxicosis of 
systemic medications, idiopathic central serous choroidopathy^ macular edema, or 
primary or secondary retinal detachment 

[0193] The compounds can be used to treat inflammatory disease such as 
retinovascular disease or retinopathy, vitreoretinopathy or vasculopathy of vasculo- 
occlusive or idiopathic etiology, or associated with telangiectasias or aneurysms, or 
associated with lupus erythematosus, rheumatoid artiuitis, multiple sclerosis, myasthenia 
gravis, uveoretinitis or diabetes mellitus, or associated with intraocular surgery or 
princiary or secondary retinal detachment resulting from a disease or injury. 

[0194] The contpounds can be used to treat inflammatory autoimmune disease 
mediated by T lymphocytes, such as chronic rheumatoid artiiritis, juvenile rheumatoid 
arthritis, systemic lupus erythematosus, Hashimoto's disease, Crohn's disease, ulcerative 
colitis, type 1 diabetes mellitus, autoimmune neuritis* 

[0195] The compounds can be used to treat inflammatory, degenerative disease such 
as steatosis, fibrosis, and/or cirrhosis of the liver induced by drugs (e.g. HMG-CoA 
inhibitos, isoniazid), chronic alcohol consumption, or resulting from poisonous toxins 
(e.g. mushroom poisoning). 

[0196] The compounds can be used to treat inflammatory disease that is a result of 
rejection of an allograft transplantation and is associated with acute allograft rejection, 
chronic allograft rejection, graft versus host disease. 

[0197] The compounds can be used to treat inflammatory disease that is a neuro- 
degenerative such as Alzheimer's disease, HTV-related dementia, Parkinson's disease, 
amyotropic lateral sclerosis, multiple sclerosis, Guillain-Barre syndrome, chronic pain. 
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allodynia, encephalitis, encephalomyelitis, neuritis, myesthenia gravis, Eaton-Lambert 
syndrome, congenital and secondary ataxias. 

[0198] The compounds can be used to treat inflammatory disease tiiat are non- 
carcinogenic and ischemic such as disease associated with angiogenesis and 
neovascularization (e.g. ischemic heart disease, retinal and choroid|al angiogenesis). 

[0199] The compounds can be used to treat proliferative, mflammatory disease such 
as angiogenesis and neovascularization fliat is associated with a carcinogenic (neoplastic) 
disease. 

[0200] The compounds can be used to treat carcinogenic disease such as 
fibrosarcoma, myxosarcoma, liposarcoma, chondrosarcoma, osteogenic sarcoma, 
chordoma, angiosarcoma, enthotheliosarcoma, lymphangiosarcoma, 
lymphangioendotheliosarcoma, synovioma, mesothelimoa, Swing's tumor, 
leiomyosarcoma, rhiabdomyosarcoma, colon carcinoma, basal cell carcinoma, 
adenocarcinoma, sweat gland carcinoma, sebaceous gland carcinoma, papillary 
carcinoma, pq)illary adenocarcinomas, cystadenocarcinoma, medullary carcinoma, 
bronchogenic carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma, 
choriocarcinoma, seminoma, embryonal carcinoma, Wilms* tumor, cervical cancer, 
testicular tumor, lung carcinoma, small cell lung carcinoma, bladda: carcinoma, epithelial 
carcinoma, glioma, astrocytoma, medulloblastoma, craniopharyngioma, ependymoma, 
pinealoma, hemangioblastoma, acoustic neuroma, oligodendroglioma, meningioma, 
melanoma, neuroblastoma, and retinoblastoma. 

[0201] The compounds can be used to treat inflammatory disease associated with 
dysfunction of a T lymphocyte, or T lymphocyte subtype, leading to development of an 
autoimmune disease. 

[0202] The compounds can be used to treat any disease that involves pathological 
apoptosis (programmed cell death). A compound of this invention may be effective to 
slow, reverse, prevent or treat said disease, wherein the disease is an ischemic disease 
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(cardiomyopathies, congestive heart failure), atherosclerosis, or an autoimmune disease 
(multiple sclerosis, Al23ieimer's disease, Parkinson's disease, hepatic fibrosis or cirrfaosis, 
myelodysplasis, ardmtis and joint-disease). 

[0203] The compounds can be used to treat pulmonary disease such as asthma, 
chronic obstmctive puhnonary disease, reactive airway disease, puhnonary fibrosis, or 
pulmonary hypertension, 

[0204] The methods of treatment in one aspect of this invention are practiced by 
administering to a human in need thereof a dose of a compound (or phannaceatically 
acceptable salts and solvates thereof in acceptable pharmaceutical exdpients) that 
modifies the activity of PPAR. The metiiods include treating a human subject 
prophylactically to alter inflammation, apoptosis, prolifemtion, angiogenesis, 
neovascularization, immune dysfunction, and expression of oncogenes and other genes 
controlling cell metabolism. The present method includes both medical therapeutic • 
and/or prophylactic treatment, as necessary. 

[0205] The methods of treatment provided by this invention are practiced by 
administering to a human or vertebrate animal in need a dose of a compound, or a 
pharmaceutically acceptable salt, ester, solvate or tautomer thereof that activates either 
PPARgamma, or PPARalpha, or PP ARdelta or compounds that activate more than one of 
these receptors, hi another aspect, the novel compounds used to practice this invention 
are set forth above. The specific diseases and associated disorders that can be treated with 
the compounds described in this invention are listed in Tables I through X. Using a 
method of the invention, therapeutic compounds are typically administered to human 
patirats topically to the skin or mucous membranes, by extra-ocular ^plication, 
intraocularly (by chemical delivery system or invasive device), or systemically (e.g. 
sublmgually, by suppository, by oral ingestion, intradermally, by inhalation, 
intramuscularly, intra-articularly, intravenously, or other parenteral route). Parenteral 
administration by a particular route is used in. appropriate drcumstances apparrat to tiie 
practitioner. Oral administration is the preferred route for chronic diseases. Topical 
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administration is the preferred route for dennatological diseases. Extra-ocular application 
is the preferred route for ocular diseases involving the anterior segment of the eye, or 
chronic diseases Preferably, the compositions are administered in unit dosage forms 
suitable for single administration of precise dosage amounts. 

[0206] To prepare a topical fonnulation for the treatmCTit of ophthahnological or 
dennatological or other disorders listed in Tables I through X, a therapeutically effective 
concentration of the compound in one embodiment is placed in a vehicle such as a 
dennatological one that is known m the art The amount of the therapeutic compound to 
be administered and the compound's concentration in the topical formulations depend 
upon the vehicle, deliveiy system or device selected, the clinical condition of the patient, 
the side eflfects and the stability of the compound in the formulation. Thus, the physician 
employs the appropriate preparation containing the appropriate concentration of the 
tfierapeutic compound and selects the amount of formulation administered, depending 
iqpon clinical experience with the patirait in question or with similar patients. 
ADMINISTRATION 

[0207] The thersqpeutic compound is optionally administered topically by the use of a 
transdermal therapeutic system (see Barry, Dennatological Formulations, (1983) p. 181 
and literature cited therein). While such topical delivery systems have been designed 
largely for transdermal administration of low molecular weight drugs, by definition they 
are enable of percutaneous delivery. They may be readily adapted to administration of 
the ther^eutic compounds of the invention by appropriate selection of the rate- 
controlling microporous membrane. 

[0208] For ophthalmic applications the therapeutic compound is formulated into 
solutions, suspensions, and ointments appropriate for use in the eye. The concentrations 
are usually as discussed above for topico-local preparations. For ophthalmic 
formulations, see Mitra (ed.). Ophthalmic Drug Delivery Sj^tems, Marcel Dekker, Inc., 
New York, N.Y. (1993) and also Havener, W. H., Ophtiiahnic Pharmacology, C.V. 
Mosby Co., St. Lx)uis (1983). 
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[0209] The therapeutic compound is alternatively administered by aerosol. This is 
accomplished by preparing an aqueous aerosol, liposomal preparation or solid particles 
containing the compound A nonaqueous (e.g., fluorocarbon propellent) suspension could 
be used. Sonic nebulizes are preferred because they minimize exposing the tfaer^eutic 
conq>ound to shear, which can result in degradation of the compound. 

[0210] Ordinarily, an aqueous aerosol is made by formulating an aqueous solution or 
suspension of the therapeutic compound together with conventional pharmaceutically 
acceptable carriers and stabilizers. The carriers and stabilizers vary with the requirements 
of the particular compound, but typically include nonionic sur&ctants (Tweens, 
Pluronics, or polyethylene glycol), iimocuous proteins like serum albumin, sorbitan 
esters, oleic acid, lecithin, amino adds such as glycine, bufTers, salts, sugars or sugar 
alcohols. Aerosols generally are prepared firom isotonic solutions. 

[0211] The concentration of the therapeutic compound used dqpends on the mode of 
delivery- For topical ophthalmic and extraocular formulations, the concentration of the 
therq>eutic compound is in the range of about 0.01% weightAvei^t (w/w) to about 10% 
w/w. For example, the concentration of the ther^eutic compound for this mode of 
delivery is in the range of about 0.025% w/w to about 2.5% wAv, Solid dispersions of the 
therapeutic compound as well as solubilized preparations can be used. For intraocular • 
formulations (chemical delivery or delivery by invasive device), the therapeutic 
compound in one embodiment is delivered at a Goncentration high enough to achieve a 
final concentration in the range of about 0.1 micromol/L to about 10 micromol/L within 
the target ophthalmic compartment (e.g. the posterior chamber for the treatment of retinal 
diseases). Typically, for this mode of delivery, the final concentration of the therq>eutic 
compound is in the range of about 0.25 micromol/L to about 5 micromol/L. Solid 
dispersions of the therapeutic compound as well as solubilized preparations can be used. 
Thus, the precise concentration is subject to modest but not undue experimental 
manipulation well within the skill of the ordinary medical practitioner in order to 
optimize the ther^eutic response. Suitable vehicles include oil-in-water or water-in-oil 
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afnulsions for prqjaration of ointments using mineral oils, petrolatum, lanolin, glycerin 
and the like as well as gels such as hydrogel. A preferred embodiment of the present 
invention involves administration of semi-solid or solid implants containing 
PPARgamma agonists. 

[0212] Coinpounds usefiil for the q)plication of methods described in ttus invention 
include all existing synthetic and naturally occurring PPARgamma agonists. Preferred 
PPARgamma agonists useful for the application of methods described in this invention 
include the novel compounds described in this invention and in the following submitted 
patent applications: Pershadsingh HA, Avery MA. 1,2-Dithiolane Derivatives, (US Patent 
Application No. 09/520,208) and Pershadsingh HA. Novel Dithiolane Derivatives, (US 
Provisional Patent No. 60/157890). Preferred PPARgamma agonists may include odier 
drugs, which may be in slow release form for topical or systemic delivery. This may be 
accomplished in a prefeued embodiment by using instrumentation and techniques 
described in U.S. Patent 5,817,075 and U.S. Patent 5,868,728. 

[021 3] For oral administration, eith^ solid or fluid unit dosage forms can be 
prepared. For preparing solid compositions such as tablets, the conipound of interest is 
mixed into formulations with conventional ingredients such as talc, n[iagnesium stearate, 
dicalcium phosphate, magnesium aluminum silicate, calcium sulfate, starch, lactose, 
acacia, methylcellidose, and fimctionally similar materials as pharmaceutical diluents or 
carriers. C^sules are prepared by mixing the compound of interest witih an inert 
pharmaceutical diluent and jgUing the mixture into a hard gelatin capsule of ^propriate 
size. Soft gelatin capsules are prepared by machine encapsulation of a sliury of the 
compound of interest with an acceptable vegetable oil, light liquid petrolatum or other 
inert oil. Fluid unit dosage forms for oral administration such as syrups, elixirs and 
suspensions can be prepared. The water soluble forms can be dissolved in an aqueous 
vehicle together with sugar, aromatic flavoring agents and preservatives to form a syrup. 
An elixir is prepared by using a hydroalcoholic (e.g., ethanol) vehicle with suitable 
sweeteners such as sugar and saccharin, together with an aromatic flavoring agent. 
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Suspensions can be prepared with an aqueous vehicle with the aid of a suspending agent 
such as acacia, tragacanth, metfaylcellulose and the like. 

[0214] Appropriate fonnulations for parenteral use are apparent to the practitioner of 
ordinary skill. In one embodiment the therapeutic coiri|>oiind is prepared in an aqueous 
solution (discussed below) in a concentration of fix>m about 0.1 to about 100 mg/ml. 
More typically, the concentration is from about 1 to 10 mg/inl or about 20 mg/ml. 
Concentrations below 1 mg/ml may be necessary in some cases depending on the 
solubility and potency of the compound selected for use. The formulation, which is 
sterile, is suitable for various topical or parenteral routes including sublingual, by 
siqppository (e.g. per-rectum or vaginal i^lication), oral, intravascular, intradermal, by 
inhalation, intramuscular, intra-articular, intravenous, or other parenteral route. 

[0215] In addition to the therapeutic compound, the compositions may include, 
depending on the formulation and mode of delivery desired, pharmaceutically-acceptable, 
non-toxic carriers or diluents, which include vehicles commonly used to form 
pharmaceutical compositions for animal or human administration. The diluent is selected 
so as not to unduly affect the biological activity of the combination. Examples of such 
diluents which are especially useful for injectable formulations are water, the various 
saline, organic or inorganic salt solutions. Ringer's solution, dextrose solution, and Hank's 
solution. In addition, the pharmaceutical composition or formulation may include 
additives such as other carriers; adjuvants; or nontoxic, nontherapeutic, nonimmunogenic 
stabilizers and the like. 

[0216] Furthermore, excipients can be included in the formulation. Examples include 
cosolvents, surfactants, oils, humectants, emoUients, preservatives, stabilizers and 
antioxidants. Any pharmacologically accq>table buffer may be used, e.g., tris or 
phosphate buffers. Effective amounts of diluents, additives and excipients are those 
amounts which are effective to obtain a pharmaceutically acceptable formulation in terms 
of solubility, biological activity, etc. 



122 



wo 02/076177 



PCT/US02/09287 



[0217] The terra "unit dosage form" refers to physically discrete units suitable as 
unitary dosages for human subjects and animals, each unit containing a predetermined 
quantity of active material calculated to produce the desired pharmaceutical effect in 
association with the required pharmaceutical diluent, carrier or vehicle. The 
specifications for the unit dosage forms of this invention are dictated by and dependent 
on (a) file unique characteristics of tho active material and the particular effect to be 
achieved and (b) the limitations inherent in the art of compounding such an active 
material for use in humans and animals. Examples of unit dosage forms are tablets, 
cs^sules, pills, powder packets, wafers, suppositories, granules, cachets, teaspoonfiils, 
tablespoon&ls, dropperfuls, ampoules, vials, aax)sols with metered discharges, 
segregated multiples of any of the foregoing, and other forms as herein described. 

[0218] Thus, a composition of the invention may include a thers^eutic compound 
which may be formulated with conventional, pharmaceutically acceptable, vehicles for 
topical, oral or parenteral admioistratiorL Formulations may also include small amoxmts 
of adjuvants such as buffers and preservatives to maintain isotonicity, physiological and 
pH stability. Means of preparation, formulation and administration are known to those of 
skill. See graerally Remington's Pharmaceutical Science ISdi ed:. Mack Publishing Co., 
Easton, Pa. (1980). 

Slow Release Delivery 

[0219] Slow or extended-release deliv^ systems, including any of a number of 
biopolymers (biological-based systems), systems employing liposomes, colloids, resins, 
and otfaar polymeric deliv^ systems or comp ar tmentalized reservoirs, can be utilized 
with tiie compositions described herein to provide a continuous or long term soiuce of 
therapeutic compound. Such slow release systems are applicable to formulations for 
delivery via topical, intraocular, oral, and parenteral routes. 
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Delivery by Invasive Device 

[0220] As mentioned above, delivery intravascularly, intra-articiilarly, 
intramuscularly, intra-articularly, intradermally, or other parenteral route can be 
accomplished by injection, cannula or other invasive device designed to introduce 
precisely metered amounts of a desired formulation to a particular compartment or tissue. 
For example, delivery to c^tain areas within the eye, in situ, can be accomplished by 
injection, cannula or other invasive device designed to introduce precisely metered 
amounts directly or contained in a reservoir for slow release in situ, of a desired 
formulation to a particular coirqpartment or tissue within the eye (e.g. anterior or postmor 
chamber, uvea or retina). Preferably, a solid or semisolid implant can be delivered 
subretinally using the instrumentation and methods described in U.S. Patent 5,817,075 
and U.S. Patmt 5,868,728. 

Routes of Administration 

[0221] Therq>eutic agents of &e invention are usually delivered or administered 
topically for treating disorders involving the eye that are listed in Tables I thioug|i X. 
Oral administration is preferred for disordors in Tables I throu^ X ftat cannot be treated 
effectively by topical therapy. Additionally, the agents can be delivered parenterally, 
especially for treatment of retinitis and degenerative retinal diseases, and for other 
conditions in Tables I through X, that do not respond to oral or topical therapy, or for 
conditions where oral or topical ther^y is not feasible. Parenteral therapy is typically 
oral, intraocular, transcutaneous, intradermal, intrathecal, intramuscular, intra-articular, 
by inhalation, intravascular, sublingual, by suppository (e.g. per-rectum or vaginal 
application), by inhalation, or other parenteral route. 

[0222] A preferred way to practice the invention for dermatological or ophthalmic 
disorders in Tables I through X to which this method is applicable, is to apply the 
conqpound of interest, in a cream, lotion, ointment, or oil based carrier, or some other 
suitable vehicle directly to the lesion. For example, the concentration of therapeutic 
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compound in a cream, lotion, or oil is 0.025 to 2.5%. In general, the preferred route of 
administration is oral, topical, intraocidar or parenteral. Topical administration is 
preferred in treatment of lesions of the skin as in psoriasis, external eye as in 
conjunctivitis, keratitis, scleritis, squamous cell carcinoma, corneal erosion, dry eye 
syndrome, and anterior compartment of the eye as in glaucoma, uveitis and other diseases 
of the uveal tract, where such direct qsplication is practical and clinically indicated. 

[0223] Oral administration is a preferred alternative for treatment of other lesions 
discussed in Tables I through X, where direct topical application is not useful as in the 
treatment of chronic or acute systemic diseases, and diseases of the posterior segment of 
flie eye, as in uveitis, glaucoma, optic neuritis or retinitis, hitravascular (intravenous 
being the preferred route) administration may be necessary in disorders that cannot be 
eflFectively treated by topical or oral administratiorL Administration by inhalation is 
preferred for lung diseases such as broncho-constrictive disease, asthma, and chronic 
obstructive pulmonary disease. 

[0224] hitraocular, transcutaneous, intradermal, intrafliecal, mtramuscular, intra- 
articular injections or other invasive technique are preferred alternative in cases where the 
practitioner wishes to treat one or a few specific areas or lesions depending on flieir 
location witiiin the eye. Usually, the compound is deUvered in an aqueous solution. 
Additionally, the therapeutic compounds are injected directly into lesions (mtrarledon 
administration) in appropriate cases, hitradermal administration is an alternative for 
extraocular lesions. Intra-lesional and intradermal injections are alternative routes of 
application for certain lesions, e.g. extraocular neoplastic or hyperplastic lesions such as 
squamous cell carcinoma and condyloma, respectively. Inhalation ther^y is preferred for 
puhncmary diseases, sublingual and intra-rectal suppository is preferred for rapid 
delivery or in clinical situations where deUvery via the oral or intravascular route is 
inconvaiient or problematic. Application via v^jmal topical formulation or via 
suppository formulation is preferred for diseases localized to the vagina or other segment 
of the urog^tal tract 
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[0225] The compouads of this invention can be fonnulated to have a wide spectrum 
of solubility properties, where the oil/water difiiision coefficient (o/w) values may range 
from < 1 (very hydrophilic) to > 6 (very hydrophobic). For puhnonary {plications, 
preferred fher^eutic compounds are ester derivatives, fonnulated into solutions, 
suspensions, aerosols and particulate dispersions appropriate for application to tiie 
pulmonary system. The therapeutic agent may be inhaled via nebulizer, inhalation 
c^sules, inhalation aerosol, nasal solution, intra-tracheal as a solution via syringe, or 
endotracheally tube as an aerosol or via as a nebulizer solution. Similarly, structures 
derivitized as acetates, succinates, glycinates, etc., and rendered water soluble, are best 
suited for delivery across the gastrointestinal mucosa. 

Dosage and Schedules 

[0226] An effective quantity of the compound of interest is employed in treatment 
The dosage of compounds used in accordance with the invention varies depending on the 
conipound and the condition being treated. For example, the age, wei^t, and clinical 
condition of the recipient patient; and the experimce and judgment of the clinician or 
practitioner administering the Iher^y are among the factors affecting the selected dosage. 
Other &ctors include: the route of administration, the patient, the patieof s medical 
history, the severity of the disease process, and the potency of the particular compound. 
The dose should be sufiScient to ameliorate symptoms or sigos of the disease treated 
without producing unacceptable toxicity to the patient In general, an effective amount of 
the compound is tibat which provides either subjective relief of symptoms or an 
objectively identifiable improvement as noted by the clinician or other qualified observe. 
A typical dose may range from 1 mg/day to 500 mg/day of the compound dqiending on 
the ability of the compound to influence the PPAR receptors of interest and the disease 
under consideration. 

[02271 PPAttfTamn ia/PPARalpha co-hgands fco-activators^: 
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[0228] In one embodiment, ligands that are dual activators (co-activafors) of 
PPARgamma and PPARalpha, are those compounds with an EC50 for PPARgamma 
transactivation within about 100-fold of the EC50 for PPARalpha transactivation. More 
typically, the preferred EC50s for PPARgamma and PPARalpha transactivation are 
within about 10 to 20-'fold of one another: However, the ECSOs for activation of 
PPARalpha and PPARgamma could be within 1000 fold of each othar. 

[0229] The EC50 is the concentration of a compound required to bind to or activate 
50% of tfie receptor in a sample or a subject Broadly, for a PPAR ligand, e.g. a 
thiazoUdinedione, the oral dose in one embodiment may be determined fiom flie 
following formula: 

oral dose (in mg) = (kiXEC5o)(k2) (LBW)(MW); 

wherein ki is a dimensionless constant of 5 to 100; EC50 is the concentration 
(amount).of compound required to activate or bind to 50% of PPARgamma or 
PPARalpha in the sample or patient and is in mole/L units; is the fractional water 
content of the lean body weight (LEW) of the patient == 0.72 L/kg, (see. GmGY 
SeiENTiFic Tables, Vol. 1, Lentner (ed), p217, Giba-<3eigy Ltd, Basle, Switzerland 
(1981); and MW is the molecular wdgiht of the compound in g/mole. 
[0230] For example, tioglitazone is a compound encompassed by the methods of tiiis 
invention. A man with diagnosis of early stage prostate cancer in situ has a lean body 
weight (LBW) of 70 kg. If ki = 10; the EC50 for troglitazone = 2.4 x 10 "^mol/L and the 
molecular weight of tioglitazane = 442 g/mol, flien the oral dose in milligrams = (10)(2.4 
X 10 "^mol/LXO .72 L/kg x 70 kg) (442 g/mol) or 535 mg. Similarly, an effective dose of 
rosiglitazone in milligrams for an average man is (10) (0.06 x 10"^ mol/L) (0.72Lflcg x 
70kg) (304 g/mole) or 9.2 mg. 

[0231] Typically, the dosage per day of the a PPAR ligand of this invention will 
depend on the its affinity for PPARgamma or PPARalpha or PP ARdelta. The dosages of 
con^unds with high affinity, e.g., like rosiglitazone, wiU fall between about 0.1 mg to 
about 10 mg per day. The dosages of compounds of intermediate affinity, e.g. like 
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pioglitazone, will range from about 10 mg to about 100 mg per day. The dosages of 
compounds with low aflSnity, e.g., like troglitazone, will fall from about 100 mg to about 
1000 mg per day. 

[0232] An oral dosing schedule is typically, a single dose once a day. However, 
more tiian one dose can be given per day. Because of the lower incidrace of undesirable 
side effects, the compounds of this invention can be given until it]:q)roveinent in the 
inflammatory process or disease involving neovascularization is observed. Because the 
compounds of this invention are to some degree fat-soluble, in a preferred embodiment, 
the compounds are administered with food. The fats in food provide a lipid micellular 
phase in which the particular PPAR ligand of this invention can solubilize and be more 
effectively absorbed. 

[0233] Depending on the EC50 for PPAR activation, a dosage range for local 
treatment is about 0.025% to about 10% (weight/volume) in a suitable solvent ^plied 
that permits release of the compound into the prostate tissue. For high afSnity ligands, a 
preferred range is about 0.025% to 0. 1 %. For intermediate afBnity Ugands, a preferred 
range is about 0.1% to 0.5%. For low afBnity ligands, a preferred range is about 0.5% to 
5%. One of drill will realize that the dosage for local treatment will vary depending on 
the compound used, its hydrophobicity and hydrophilicity, and the EC50 for 
PPARgamma and/or PPARalpha activation and/or PPARdelta activatioiL For example, 
the PPAR ligands of this invention may have vastly different afBnities for PPARa^ha 
and PPARgamma, or the may be similar, i.e. wi&in about one to two orders of 
magnitude. Typically, the greater the affinity, the more effective the coirqpound, and flie 
lower the dosage that is an effective amount. Therefore, a lower concentration of a drag 
(with a higher afBnity) in a unit dos^e form comprises an effective amount 

[0234] Typically, the local dosage is administered at least once a day until a 
therapeutic result is achieved. The dosage can be administered twice a day, but more or 
less frequent dosing can be recommended by the clinician. Once a therapeutic result is 
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achieved, the compound can be ts5)ered or discontinued. Occasionally, side effects 
warrant discontinuation of therapy. 

[02351 An effective quantity of the compound of interest is employed in treatment. 
The dosage of compounds used in accordance with the invention varies depending on the 
compound and the condition being treated. The age, lean body weight, total weight, body 
surface area, and clinical condition of the recipient patient; and the experimce and 
judgment of the clinician or practition^ administ^ing the therapy are among the factors 
affecting the selected dosage. Other factors include the route of administration the 
patient, die patient's medical history, the severity of the disease process, and the potency 
of tiie particular compound. The dose should be sufGcient to ameliorate symptoms or 
signs of the disease treated without producing unacceptable toxicity to the patient 

[0236] Broadly, an oral dosing schedule is £rom about 0.1 mg to about 1000 mg once 
or twice a day depending on the binding afiSnity of the compound for PPARgamma or 
PPARalpha or PPARdelta. For example, the typical oral dose of the thiazolidinediones, 
rosiglitazone and pioglitazone, presenfly approved for the treatment of type 2 diabetes 
mellitus, is 4 to 8 mg and 15 mg to 45- mg daily, respectively. 

[0237] Using rosiglitazone as the prototype agent for the purpose of this invention, a 
convenient oral dose for an adult patient is 4 to 8 mg once a day, or 2 to 4 mg twice a 
day. A dosage range for topical treatment is about 0.1% to about 1% (wdg^t/volume) in 
a gel, cream or ointment, app&ed twice a day. A usual dose for intramuscular or 
intraocular injection is 0.25 to 2.S mg, depending on the compartment of the eye to be 
treated and on the lean body mass of the patient A typical dosage for intia-dCTnal 
administration is about 2.5 to 25 mg per injection per site. A typical dosage for 
intravenous or intramuscular administration in an adult patient would be between 50 and 
250 mg per day given in single or divided doses depending on the judgement of the 
practitioner. 

[02381 Typically, the dosage is administered at least once a day imtil a ther^eutic 
result is achieved. Preferably, the dosage is administered twice a day, but more or less 



129 



wo 02/076177 PCT/US02/09287 



frequent dosing can be reconmiended by the clinician. Once a ther^eutic result is 
achieved, the drug can be tiered or discontinued. Occasionally, side effects warrant 
discontinuation of therapy. In general, an effective amount of flie compound is that which 
provides either subjective relief of symptoms or an objectively identifiable improvement 
as noted by the clinician or other qualified observer. 

[Q239] This invention further relates to the use of each of the subject compounds in 
the treatment of the diseases listed in Tables I through Table X, administoied as eitfa^ as 
a single agent, or in combination wititi a natural or synthetic compound selected from one 
or more of the followmg categories: PPARalpha agonist, a PPARdelta agonist, or 
PPARgamma agonist; a rexinoid or other RXR agonist; a vitamin D derivative or other 
VDR agonist; a glucocorticoid or other GR agonist a LXR or LXR/RXR agonist (e.g. an 
oxysterol); a FXR or FXR/RXR agonist (e.g. £amesoI, chenodeoxycholic acid, a bile 
acid); an HMG-CoA reductase inhibitor; a CETP inliibitor, e.g. a substituted-1,23,4- 
tetrahydroquinoline; a pharmacological agent that increases the expression or iq)regulates 
ABCl ; a betaS-adrenoceptor agonist; a calcineurin inhibitor (e.g. cyclosporine A, 
tacrolimus, sirolimus); an anti-hypertensive angiotensin converting enzyme (ACE) 
inhibitor; and an anti-hypertensive angiotensin receptor blocker (ARB) 

[0240] Syn^igistic tfaers^eutic effects can be achieved by oral or topical 
adoiinistration of the drugs encompassed in the current invention together with a second 
agent selected from &e above-identified categories of compounds, administered orally, 
topically or intravenously. A preferred dosage range for administration of a retinoic acid 
d^vative or retinoid would typically be fix)m 0.1 to 100 mg per square-meter of body 
sur&ce area, depending on the drug's ability to bind to or modify the activity of its 
cognate nuclear receptor, given in single or divided doses, orally or by continuous 
infiision, two or three times p^ day. For synergistic ther£5)y, the preferred dosages and 
routes and frequency of administration of the vitamin D analogs or retinoid compoimds 
can be similar to the dosages and routes and fiequmcy of administration ordinarily 
recommended for these agents when given witiiout PPARgamma activators. Examples of 
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effective retinoids are 9-cis-retinoic acid, 13-cis-retinoic acid, all-trans-ietinoic acid (at- 
RA). Preferred retinoids for this purpose would include 13-cis-retinoic acid, tazarotene, 
or Targretin. A preferred dosage range for systemic administration of a vitamin D analog 
would typically be from 0.1 to 100 mg per square-meter of body surface area, depending 
on the drug's ability to bind to and or activate its cognate vitamin D recq)tor, given in 
single or divided doses, orally or by continuous inftision, two or three times per day. 
Examples of effective vitamin D analogs are l,25-dihydroxy-'Vitamin D, calcipotriene and 
calcipotriol. The dosage range and routes and frequency of administration of 
FPARgamma activators required to achieve synergistic effects when given with vitamin 
D or retinoid derivatives are the same as those described elsewh^ in this disclosure. 
The preferred mode of administration of these drugs for synergistic thCTapoitic purposes 
would be orally althougih alternatively one can use topical or parrateral routes of 
administration. The dosages and the modes and frequency of administration of the 
vitamin D or retmoid related compounds for synergistic topical therq>y would be similar 
to those ordinarily recommended for these agents when given without PPARgamma 
activators. The dosage range and the modes and frequency required for topical 
administration of the flavonoid thiazoKdine derivatives given m combmation with 
vitamin D or retinoid related compounds are the same as those described elsewhere in 
this disclosure. 

[0241] Synergistic therapeutic effects can be achieved by oral or topical 
administration of the drugs encompassed in the current invention together widi orally, 
topically or intravenously administered natural or synthetic antioxidants. These include 
ascorbic acid and its derivatives (e.g. vitamin C), the tocopherols (e.g. vitamin E, vitamin 
E succinate), carotenes and carotenoids (e.g. beta-carotene), alpha-lipoic acid, probucols, 
flavones, isoflavones and flavonols (e,g. quercetm, genistein, catechin, ^igenin, lutein, 
luteolin), glutathione and its derivatives (e.g. N-acetylcysteine and dithiothreitol), and 
phytoestrogens and phenoUc anthocyanidin and procyanidin derivatives (e.g. resv^atrol, 
cyanidin, cinnamic acid). 
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[0242 J The compounds of the instant invention are further useful to siq^press the 
mediators of neurogenic inflammation (e.g. substance P or the tachykinins), and may be 
used in the treatment of rheumatoid arthritis; psoriasis; topical inflammation such as is 
associated with sunburn, eczema, or other sources of itching; and allergies, including 
asthma. The compounds can also function as neuromodulators in the central nen^ous 
system, with useful plications in the treatment of Alzheimer's disease and other forms 
of dementia, pain (as a spinal analgesic), and headaches. Furthermore, in disorders 
involving myocardial fibtosis, myocardial ischCToia, pathological conditions secondary to 
the autoimmune response to allograft trani^lantation, the splanchnic blood flow, 
including hepatic fibrosis, cinbosis and oesophagal varices, the compounds of the 
invention can provide cytoprotection. 

Screening Assays and Cell Systems 

[Q243] Assays for screwing for compounds that modify the activity of PPARgamma 
and/or PPARalpha and/or PPARdelta can be conducted using metiiods known hi the art 
such as PPAR transactivation (Willson et al. J. Med. Chem. 43:527-50 (2000)) and the. 
fluorescence resonance energy (FRET) assay (Zhou G., et al,, Mol Endocrinol 
12(10):1594-604 (1998). In one embodiment the following cell systems are employed 
Human endothelial cells and vascular smooth muscle (VSM) cells which are known to 
express both PPARgamma and PPARalpha can be used. Alternatively, isolated human 
peripheral T lymphocytes from normal healthy donors or a mammahan cell line such as a 
Jurkat T cell line poorly express PPARalpha and PPARganmia can be used To test 
specific PPARganoma activating compounds, lymphocytes or Jmkat cells are transfected 
with the PPARgamma expression vector. To test mixed PPARalpha and PPARgamma 
activating compounds, (PPARalpha/PPARgamma co-ligands), lymphocytes or Juricat 
cells are transfected with both PPARalpha and PPARganuna expression vectors. Otha: 
cells expressing PPARdelta may also be employed. 

[0244] The binding of agonist ligands to tiie receptor results in changes in the 
expression level of mRNAs encoded by PPAR target genes. This process. 



132 



wo 02/076177 



PCT/US02/09287 



'*transactivation'*, is detennined by cell-based assays which monitor this functional 
activity. Transactivadon assays use cells that have been transfected with a vector 
expressing flie receptor as well as a second vector containing a DNA direct repeat (DR-1) 
response element and a rqwrter gene, which encodes an enzyme such as chloramphenicol 
acetyltransferase, secreted placental alkaline phosphatase, or firefly luciferase. Activation 
of the receptor by agonist ligands leads to induction of reporter enzyme expression, 
which can be conveniently assayed using standard colorimetric or photometric methods. 
A procedure used to test the con[q)ounds of this invention is the PPAR-GAL4 
transactivadon assay, which uses chimeric receptors where the PPAR LBD is fused to the 
DBD of the yeast transcription fector GAL4 and employs a reporter gene containing a 
GAL4 response element, and hto previously been described in detail (Lehmann et al., /. 
BioL Chem. 1995, 270, 12953-12956). Briefly, cells are incubated with 10% delipidated 
fetal calf serum and the test compound at the ^ropriate concentratiorL After an 
additional 24 h, cell extracts are prepared and assayed for alkaline phosphatase and beta- 
galactosidase activity* Alkaline phosphatase activity was corrected for transfection 
efticiency using the beta-galactosidase activity as an internal standard. Compounds ^^ch 
elicited cai average at least 70% activation of PPAR vctsus rosiglitazone (positive control 
for PPARgamma specific activation) or versus Wy-14643 (positive control fox 
PPARalpha specific activation) were considered full agonists (WiUson et al., /. Med. 
Chem. 2000; 43:527-50; Henke et al. /. Med. Chem. 1998; 41 :5020-36). 

[0245] The scenarios described below employ representative compounds of these 
classes for screening assays and in examples wherein they are adnunistered to hxnnan 
subjects in the treatment of specified diseases. The following examples on screening the 
compounds for certain functional acitivities of interest and for using the compounds to 
treat various clinical disorders are included for illustrative purposes and are not intended 
to limit the scope of methods for screening and using the compounds of the current 
invention. 
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[0246] The iBvention will be further understood by the following non-limiting 
examples. 
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EXAMPLES 

Example 1 : Method for evaluating the activity of compounds developed using this 
invention - Rindinp Assay 

[0247] For the binding assay, bacterial expression plasmids for the ligand binding 
domains of the PPAR subtypes, cDNAs encoding the hinge and ligand bindmg domains 
of hPPAR (amino acids 167-468), mPPAR (amino acids 167-468), xPPAR (amino acids 
174-474), and xPPAR (amino acids 178-477) are obtained. GST-PPAR fusion proteins or 
glutathione S-transferase (GST) alone as a control are expressed in BL21(DE3) plysS 
cells and extracts prepared by fireeze-thawing the cells in bacterial lysis buffer (10 mM 
Tris, pH 8.0/250 mM KCl/1 mM DTT/1% Triton X-1 00) followed by centrifligation at 
40,000 X g for 30 min. Glycerol is added to the bacterial extracts to a final concentration 
of 10%. Bact^al extracts are dialyzed extensively against bacterial lysis buffer 
containmg 10% glycerol to remove glutathione tiiat mi^t interfere with the stability of 
the various FAs and eicosanoids in the competition binding assays. For saturation binding 
analysis or competition binding assays, bacterial extracts (50 mi^og protein) containing 
either GST-xPPAR or GST-xPPAR are incubated at 4^C for 2-3 hr m buffer containing 
10 mM Tris (pH 8.0), 50 mM KCl, and 10 mM DTT witii [3H]GW2331 m the presence 
or absence of milabeled GW2331 or the various FAs or eicosanoids. Bound radioactivity 
was sq>arated fixm finee radioactivity by elution through 1 ml Sephadex G-25 protein 
desalting colunms (Boehringer Mannheim). Bound radioactivity eluted in the column 
void volume and was quantitated by liquid scintillation counting. 

[0248] Several radioUgands are now available for use in conventional competition 
binding assays: [3H]GW 2331 for PPARalpha; [3H3rosiglitazone (BRL49653), [3H]AD- 
5075, and [125I]SB-23663643 for PPARgamma; and [3H]GW 243344 and [3H]L- 
78348345 for PPARdelta. Each of these radiohgands is reported to show specific binding 
to the corresponding PPAR subtype. Initial PPAR binding assays used gel filtration to 
separate the bound radioligand fix)m the fi:ee ligand. The use of scintillation proximity 
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assay (SPA) technology has greatly increased the throughput of PPAR competition 
binding assays. SPA beads emit light when held in close proximity to a suitable 
radionuclide (e.g. 3H or 1251). If the receptor is attached to the SPA bead, binding of a 
radioligand to the PPAR LBD leads to a readily detectable signal. Displacement of the 
radioligand by a test compound leaves the firee radioligand in solution, wh^e it can no 
longer promote emission by the SPA bead. This technology removes the need to separate 
jQiee radioligand firom the bound ligand, greatly simplifying automated hig^-throug^ut 
screening. The homogeneous format of the SPA binding assay allows detemoination of 
equilibrium binding afSnities and also permits the use of relatively low-aGSnity 
radioligands. 

Example 2: Method for evaluating PPAR activity of Ifae compounds of this invention 
using a transactivation assav or FRET assay 

[0249] The binding of agonist ligands to a nuclear receptor results in transactivation, 
i.e., changes in the expression level of mRNAs ©acoded by PPAR target genes. Cell- 
based assays have been developed which monitor this functional activity. Transactivation 
assays use cells that have been transfected wifli a vector expressing the recqytor as well 
as a second vector containing a DR-1 response etemexA and a rq)orter gene, which 
encodes an enzyme such as chloramphenicol acetyltransferase, secreted placental alkaline 
phosphatase (SPAP), or firefly luciferase. Activation of the receptor by agonist hgands 
leads to induction of r^rter ^izyme expression, which can be conveniently assayed 
using standard colorimetric or photom^c plate readers. 

[0250] In the case of PPARs, an ideal assay is the PPAR-GAL4 transactivation assay 
useing chimeric receptors where the PPAR LBD is fused to the DBD of the yeast 
transcription &ctor GAL4. This assay employs a reporter gene containing a GAL4 
response element. Since mammalian cells do not contain GAL4, only the transfected 
PP AR-GAL4 chimeric receptors can activate the reporter gene, effectively eliminating 
interference from endogenous nuclear recq)tors. In g^aeral, PPAR agonists show 



136 



wo 02/076177 PCTAJS02/09287 



comparable potency and eflBcacy in assays using either the PPAR-GAL4 chimeras or the 
fiili-length receptors. 

[0251] COS-1 cells are maintained as described above for the mammalian two-hybrid 
system. The following plasmids are used for transfection: respective reporter plasmid (1 
microg) containing the pGL-GAL4-UAS (17-mer x 2-globin promoter-luciferase) 
cotransfected with 0.1 miciog of pM(GAL4.DBD)-PPAR (DBF) or pM-PPAR (DEF-AF- 
2) with or without 1 microg of SRC-1, TIF2, or TRAP220 expression vector. As a 
reference plasmid for normalization, 10 ng of pRL-CMV plasmid O?romega) is used. 
Bluescribe M13+ (Stratagene) is used as the carrier to adjust the total amount of DNA to 
3 microg. added to the medium 12 h after transfection and every 8 h thereafter at each 
exchange of medium. After 48 h, firefly ludferase activity (fiom GAL4-UAS) is used to 
measure transfection eflBciency by Renilla ludferase activity (fiom pRI^CMV) as 
described previously. 

[0252] Using methods know to those skilled in the art, fluorescence resonance energy 
tranfer (FRET) assays were used to determine the PPAR activities of representative 
compounds of the current invention. The assay is an approach for characterizing nuclear 
receptor agonists or antagonists; individual ligands and determining their potencies that 
are predictive of in vivo effects (Zhou, et al., MoL Endocrinol. 12(10):1594-604 (1998)). 
Example 16 shows FRET assay results demonstrating PPAR activity of representative 
compounds of the current inventioiL 

KYam ple 3: Method for Screening for Compounds that M odify the Activity of 
PPAT^pa mma and PPARalpha bas ^^ hti Inhib ition of NF-k anpaB activation 

[0253] Comp6\mds are tested for the ability to inhibit activity of NF-kappaB. Human 
endothelial cells and vascular smooth muscle cells (VSMC) are known to express both 
PPARgamma and PPARalpha (Neve BP, et al. Biochem Pharmacol. 2000; 
60:1245-1250). Alternatively, isolated human peripheral T lymphocytes iBrom normal 
healthy donors or a matrunalian cell line such as a Jurkat T cell line transfected with the 
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PPARalpha and/or the PP ARganuna expression vector may be used in these experiments. 
Oae of fliese selected cell types is stimulated with a concentration of one or a 
combination of: phytohemagglutimn/phorboH2-myristate-13-acetate (PHA/PMA), TNF- 
alpha, interferon-gamma or some other factor that activates NF-kappaB* Activation of 
NF-kappaB is determined by electrophoretic mobility shift assay similar to that 
previously described (Rossi A, et al. Proc Natl Acad Sci USA 1997; 94:746-50). 
Preincubation of the same cells with 5 micromolar of the test conq>ound 2 hours prior to 
addition of an activator of NF-kappaB inhibits the activation of NF-faqjpaB otherwise 
observed in the absence of the benzodithiolanyl derivative. 

Example 4: Method for Screeninpr far Compounds fliat Modify the Activity of 
PPARpamTna and PPA Ratoha based nn TnhihiH An of NFAT activation 

[Q254] Isolated human peripheral T lymphocytes fiom normal healthy donors or a 
mammalian cell line such as a Jurkat T cell line transfected with the PPARalpha and/or 
the PPARgamma expression vector, is stimulated with a concentration of one or a 
combination of PHA/PMA, TNF-alpha, interferon-g^mma or some other &ctor that 
activates NFAT. Transcriptional activation of NFAT is determined by electrophoretic 
mobility shift assay similar to tiiat described by Yang et al., J Biol Chem. 2000; 
275:4541-4. Preincubation of the same cells with 5 micromolar of the test conqjound fer 
2 hours prior to addition of an activator of NFAT inhibits the activation of NFAT 
otherwise observed in tihe absence of said compound. 

Example 5: Method for Screening for Comp ounds that Modify the Activity of 
PP AR pam ma and PPARalpha based on fahibition of IL-2 production 

[0255] Isolated human T lymphocytes or a mammalian cell line such as a Juikat T 
cell line transfected witb the PPARa^ha and/or the PPARgamma expression vector is 
stimulated with a concentration of one or a combination of PHA/PMA, TNF-alpha, 
interfexon-gamma or some other factor that activates induction of IL-2 gene expression. 
Production of IL-2 is determined measuring the concentration of IL-2 in the supernatant 
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from cells using Bndogen kits (Wolbum), as described by Yang et al., J. Biol Chem,, 
2000; 275:4541-4. Preincubation of the same cells with 5 micromolar of the test 
compound for 12 hours prior to addition of an activator of IL-2 production inhibits the 
activation of IL-2 production otherwise observed in the absence of said compound. 

Example 6: Methods nf determ inin g the qnti-aDOPtotic eflfect of PPAR lieands in 
PPARalpha and/or PPARgamma-expressirig cells 

[0256] In hiunan peripheral T lymphocytes from normal healthy donors or a 
mammalian cell line such as a Jurkat T cell line transfected with the PPARalpha and/or 
the PPARgamma expression vector, £^ptosis (cell death) is induced by adding 
TNF-alpha (10 ng/ml) and interfen)n(INF)-gamma (10 ng/ml) (Genzyme, USA). The 
iiihibitory activity of a test compound in preventing this apoptosis is determined by using 
dexamethasone as the standard, a compound known to have apoptosis inhibitory activity. 
An aliquot of RPMI-1640 culture medium (containing 10 wei^t % of fetal bovine 
serum) is added to each well of a 96'WeIl microplate. Thai a test solution of the 
candidate compound in dimetfaylsulfoxide is added to the culture medium to give ^e 
desired final concentration (0.1 to 10 micromolar). Subsequently, TNF-alpha (40 ng/ml, 
final concentration) and INF-gamma (10 ng/ml) are added to the culture medium, and 
cells incubated for 72 hours at 37 degree C in the presence of 5% carbon dioxide in air. 
Aft^ cultivation, the culture medium is removed &om wells by aq)iration, and 50 
microliter of a 5%(wAr) crystal violet/70%(v/v) methanol solution added to each weU to 
stain living cells. The wells are washed and dried and s^optosis inhibitory activity of tiie 
test compound is obtained by determining the optical density by using an absorptiometer 
[Microplate Reader Model 450, produced by Bio-Rad] at the wavelengths of 570 nm. 
Dexamethasone standard is compared to the test compound at a final concentration of 1 
micromolar. 
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Example 7: Treatment of Primary or Secondary Glaucoma and Glaucomatous 
Retinopathy by Oral Ad tninistratio n of a Compound of this Invention: - A Clinical Trial 

[0257] Early disease: A patient having early ophthalmic manifestatioris of glaucoi^ 
and increased intra-ocular pressure is selected for therapy. The patient weighs 70 
kilograms, and if female of child-bearing capacity, is given a pregnancy test to confirm 
that she is not pregnant Provided that the patient is not pregnant and does not plan to 
become pregnant during treatment, a compound of this invention is screened and it^s 
ED50 for PPAR subtypes determined. Using the mathematical algorithm described 
above, a therapeutically efiBcacious dose is selected by one skilled in the art The patient 
is evaluated by an ophthalmologist experienced in the ophthalmic manifestations of 
glaucoma and glaucomatous lesions. Regression of the disease or nnprovement in his 
clinical status is evaluated by monitoring intraocular pressure, visual fields, and visual 
reflexes. For more intractable or recalcitrant cases, the daily oral dose is increased about 
1 to 3 jfold. Additionally, a complete blood coimt, including white cell count and 
differential, a platelet count, and liver fimction tests (such as levels of alkaline 
phosphatase, lactate dehydrogenase, and aminotransferases) are checked prior to 
treatment and monthly thereafter. The selected dosage is continued, depending on the 
response to therapy. The dose may be tiered to a lower (maintenance) dose, again 
dqpending on the re^nmse to therapy. 

[0258] Late disease: A similar patient with late ophthalnricniamfestations of chronic 
glaucoma, in particular, with retinal manifestations including maculopathy, retinopathy 
and retinal ischemia, is selected for therapy. The approach is the same as for the 
foregoing patient, except that the starting doses are generally hi^er. 

Pvample 8 : Treatment of Optic Neuritis, or a Re tinitis, or a Retinopathy, or Macular 
Degeneration bv Oral A HmiTiistrati on of a Comp ound of this Invention - A fliTiical Trial 

[0259] Earlv disease: A patient having early ophthalmic manifestations of retinitis 
pigmOTtosa is selected for therapy. The patient weighs 70 kilograms, and if female of 
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child-*bearing capacity, is given a pregnancy test to confinn that she is not pregnant. 
Provided that the patient is not pregnant and does not plan to become pregnant during 
treatment, a compound of this invention is screened and it's ED50 for PPAR subtypes 
deterroined. Using the mathematical algorithm described above, a therapeutically 
efficacious dose is selected by one skilled in flie art. The patient is evaluated by an 
ophthalmologist experienced in the ophthalmic manifestations of retinitis pigmentosa 
lesions. Regression of the disease or improvement in his clinical status is evaluated by 
monitoring the visual fields. Additionally, a complete blood coumt, white cell count and 
differential, a platelet count, and liver function tests (such as levels of alkaline 
phosphatase, lactate dehydrogenase, and aminotransferases) are checked prior to 
treatment and monthly thereafter. The dosage is tapered to a maintenance dose of 4 mg. 

[0260] Late disease: A similar patient with late ophdialmic manifestations of retinitis 
pigmentosa is selected for therapy. The approach is the same as for the foregoing patient, 
except that the doses are generally higher. After 12 months, the dose is decreased to a 
lower (maintenance) dose of 4 mg or 8 mg once daily. 

Fxam ple 9: Therapv for Preventing Acute and Chronic Allograft Reiec tinn ~ A Clinical 
Trial 

[0261] A patient who is a candidate for kidney, liver or heart transplantation or other 
form of organ transplantation is selected for a tfaer^y. The patient may or may not be ' 
receiving other ther^ies for transplant rejectiorL A compound of this invention, referred 
to as the test drug, is orally administered in a dosage effective to achieve suppression of T 
cell activation as known to those with skill in the art Using the mathematical algorithm 
described above, a therapeutically efficacious dose is selected by one skilled in the art 
Therspy is initiated 2 weeks prior to transplantation. Within 24 to 48 hours post- 
operatively, therapy with the test drug is resumed and the patient is monitored for 
changes in symptoms and signs consistent with acute (usually occurring within days) or 
chronic (within 2 to 6 months) rejection, as known to a practitioner skilled in the art of 
manag^ig post-transplantation allograft rejection/survival. Additionally, a complete blood 
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count, including white ceU count and diflferratial, a platelet count, and plasma IL-2 
levels, serum creatinine and BUN levels, liver fimction tests (such as levels of alkahne 
phosphatase, lactose dehydrogenase, and transaminases), lipid profile, blood glucose, 
urinary protein and other tests or evaluations known to a practitioner skilled in the art of 
managing post-transplantation allograft rejection/survival, are checked prior to allograft 
transplantation, immediately post-operatively (for monitoring acute rejection) and 
periodically thereafter for the ensuing months, up to 6 months (for monitoring chronic 
rejection). Administration of a compound of this invention prevents or decreases signs or 
symptoms of allograft rejection. The administration of die therapy also enables the 
clmician to decrease the dose of other conventionally used nnmunosuRpressive agents 
without inraeasing the risk of allograft rejection. The patient experiences fewer side 
effects associated with the other conventional immunosuppressive agents. 
Ryam ple 1 0: A Clmical TriaL Synergistic (Adjunctive^ Therapy for Preventing Acute 
and Ghrpnic Allograft Rejection 

[0262] The balance between acute rejection and infection after trani^lantatioB 
continues to be of significant clinical concern^ especially during the early post- 
transplantation period. Acute rejection is a significant risk fector for chronic rejection, 
and chronic rejection is an important cause of late graft loss. Monoclonal antibodies that 
selectively block the interleukin-2 receptors on activated T-helper cells are used for 
immunoprophylaxis or anti-lymphocyte globulins for induction ther^y to provide 
reduced dosing of cyclosporine A throughout the early post-transplantation course. 

[0263] In the context of the present mvention, a PPARgamma agonist, or a 
PPARgamma/PPARalpha co-agonist of this invention is used as effective adjunctive 
therapy for preventing acute and chronic allograft rejection. The PPARgamma agonist is 
usefiil for providing reduced dosing of immunosuppressive therapy, includmg 
cyclosporine A, tacrolimus, azathioprme, mycophenolate or other related ther^y to 
preventing allograft rejection throughout both early and late phases post-transplantation. 
The PPARgamiria agonist is used with one or more anti-rejection drug, or in combination 
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witii a RXR agonist, or a PPARgamma/RXR agonist, and/or a vitamin D receptor 
agonist, and/or a glucocorticoid receptor agonist, and/or an estrogen receptor agonist, 
and/or an androgen receptor agonist, 

[0264] To achieve a synergistic effect, the treatment can be modified to include 
combination thei^y with a PPARganoma/RXR heterodimer ligand (a rexinoid) or 
another inmnmosuppressive compound traditionally used for preventing allograft 
rejection. Examples of such compounds that provide for synergistic effect when given in 
combination with the dmgs encompassed by the current invention include hgands for the 
glucocorticoid nuclear recqptor ligand (e.g. prednisone), mhibitors of purine synthesis 
(e.g. azatfaiopiine and mycophenolate), and inhibitors of the caldneurin-dependent 
cytokine synflicsis in activated lynq)hocytes (e.g. cyclosporine, tacrolimus, sholimus). 
One or a combination of these coiiqKiunds are employed (at dosages described above in 
the section on Dosage and Schedules) in clinical trials snnilar to the one described above 
in Examples 5 and 6, or in doses sufBcient to prevmt or treat allograft rejection. 
Examples of synergistic combinations are as follows: 

a. A PPARgamma or a PPARalpha/PPARgamma co-activator, both 
compounds of this invention, is administered- in combination with 
prednisone at an FDA-approved dose. 

b. A PPARgamma or a PPARalpha/PPARgamma co-activator is 
administered in combination with prednisone and cyclosporine A or 
tacrolimus at an FDA-approved dose, or sirolimus at a dose use in clinical 
trials. 

c. A PPARgamma or a PPARalpha/PPARgamma co-activator is 
administered in combination with prednisone and cyclosporine A 
tacrolimus or sirolimus, and azathioprine or mycophenolate. 

d. A PPARgamma or a PPARalpha/PPARgamma co-activator, is 
administered in combination with one or more FDA-approved 
inununosuppressive transplant rejection therapeutic compound, as 
described in examples a, b and c above. 
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A rexinoid PPARgamma/RXR heterodimer ligand (e.g. LG100754) is 
administered in combination with one or more FDA-approved 
immunosuppressive transplant rejection ther^eutic compound at 
^proved dosages as described in examples a, b and c above. 

Ey amplft 1 1 : Treatment of Chronic Recalcitrant Multiple SclCTOsis bv Oral 
Administ ration of a Compound of this lavention - A Clinical Trial 

[0265] The following is an example for treating individuals with chronic recalcitrant 
multiple sclerosis with an PPARgamma or a PPARalpha/PPARgamma co-activator. This 
method also applies to the treatment of rel^sing, remitting multiple sclerosis, to prevent 
recurrrat exacerbations of die disease. 

[0266] Early disease; The patient presents actitely with the neurological 
manifestations of multiple sclerosis, and Hxe diagnosis is confirmed by clinical laboratory 
and pathological diagnostic tests. The patient is evaluated by a neurologist experienced in 
the clinical and laboratory manifestations of multiple sclerosis lesions. The patient 
weigjis 70 kilograms, and if female of child-bearing edacity, is given a pregnancy test to 
conjBim that she is not pregnant Provided that the patimt is not pregnant and does not 
plan to become pregnant during treatment, a compound of this invention is screened and 
it's ED50 for PPAR subtypes determined. Using the mathanatical algorithm described 
above, a therapeutically efficacious dose is selected by one skilled in the art A compound 
of this invention is administered daily during the acute episode, and is titrated up 0.5 to 3- 
fold higher doses at weekly intervals. Regression of the disease or improvement in his 
clinical status is evaluated by monitoring improvement in motor deficits. Reduction of 
the systemic inflammation associated with the disease is assessed by performing bi- 
monthly measurements of high sensitivity-C-reactive protein (hs-CRP). A reduction in 
the hs-CRP by 50% within 3 months of initiating therapy is considered to be a positive 
response to the ther^y. Additionally, a complete blood count, white cell count and 
differential, a platelet count, liver fimction tests (such as levels of alkaline phosphatase, 
lactate dehydrogenase, and aminotransferases), erythrocyte sedimentation rate and 
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plasma interleukin-2 levels are checked prior to treatmeat and monthly thereafter. After 6 

months treatment, the dosage is tapered to a lower (maintenance) dose. 

Example 12: Combination Treatment of a PPAR-Mediat ed Inflammatory, Prohferative 

nermatnlnpi cal fSkin^ Disease with PPA l^pamma Agonist or a Mixed 

PPARp amm a/PPARalpha Aponist (Co-L ipand^ and a Vitannin D Derivative > A Clinical 

Trial 

[0267] The PPAR-mediated disease is an inflammatory, proliferative or degenerative 
skin disease such as psoriasis, keratitis, hidradenitis, ichthyosis, acne, rosacea, verracae 
and other HPV infections, atopic dermatitis, allergic dermatitis, chemical (irritant) 
dOTnatitis,.seborrheic dermatitis, solar dermatitis, acute and chronic eczana, seborriieic 
keratods, senile keratosis, actinic keratosis, photo-induced keratosis, skin aging, thinning 
skm, dry skin, wrinkle formation, photo-induced skin aging, keloids, Uchen planus. 
[0268] The PPARgamma agonist or mixed PPARgamma/PPARalpha agonist of this 
mvCTtion is administered at doses consistent with ttie EC50 for PPARalpha and 
PPARgamma, and wifli the pharmacokinetic area under the curve (AUG), and is ^ven as 
a once or twice daily oral dose, or in a pharmaceutical composition for topical 
administration, with active ingredieot at a concaatration ranging j6om 0.01 to 2.0%, 
0.25% of the preferred PPAR agonist are selected. An orally administered vitamin D 
derivative is selected ftom: dihydiotachystCTol (1 mg daily), 1,25- 
dihydroxycholecalciferol (1 meg daily), 25-hydroxycholecalciferol (0.1 mg daily), 
CTgocholecalciferol (L25 mg daily), and cholecalciferol (1 mg daily). Synttietic vitamin 
D derivatives are administered topically and is selected ftom the group consisting of 
calcipotriene and calcitriol (both at a concentration of 0.005% m an ointment or lotion or 
shampoo). These pharmacological compositions may be used to treat acute or chronic 
disease or may be used prophylactically to prevmt the onset of the disease. 
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Example 13: Use of Compounds of this Ihventioii as Sy ner gistic f Adjunctive) Therapy in 
the Treatment of a Neuro-Degenerative Disease or an Autoimmune Diseas e - A niinirjil 
Trial 

[0269] Multiple sclerosis is the example of the neuro-degenerative, autoimmune 
disease. Current therapies for MS consist of three iuterferonbeta preparations (Betaseron^ 
Avonex, and Rebif), Copolymer 1 (Copaxone), and Novantrone. According to this 
invaition, a PPARalpha and/or PPARgamma agonist may be used adjunctively in 
combination therapy with any of the existing (proved) therapies (identified above) for 
treating MS. For the puipose of this example, a compound of this invention, a 
PPARganmia agonist or a PP ARgamma/PPARalpha co-agonist, is selected for adjunctive 
use, and doses are selected as outlined above. The patient presents acutely with the 
neurological manifestations of multiple sclerosis, and flie diagnosis is confirmed by 
clinical laboratory and pathological diagnostic tests. The patient is evaluated by a 
neurologist experienced in the clinical and laboratory manifestations of multiple sclerosis 
lesions. The patient is a male weighing 70 kilograms or a female weighing 50 kilograms 
and being treated with an interferonbeta prq)aration, Copaxone, or Novantrone. An 
adjunctive PPARgamma agonist, or a PPARalpha and PPARgamma co-agonist (co- 
activator), is selected firom the compounds described in this invention. Adjunctive 
therapy is initiated at one-half the jjreferred dose as indicated above. The dose is doubled 
within 6 to 8 wks of initiation of said adjunctive therapy. The patient is monitored for 
improvement based on laboratory and clinical findings. The regime is continued as 
medically indicated to one of skill in the art of treating MS. 
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Example 14 - Synthesis of BP-015 



BP-015 




5-Phenyl-pentanoic acid 
{2-[4-(2,4-dioxo-atiazoUdin-5-ylmethyl)-phenoxy]-€thyl}-niethyl-^ 

[02701 To a 100 ml round bottomed flask was added 19 (0.224 g or 0.9mmol), as Ac 
hydrochloride salt of 5K{4-[2<methylarnirio)ethoxy]phenyl} methyl)-! .3-thiazoUdme- 
2,4^one. in 30 ml of dry dichloromelhane. Triethylamine (0.1 ml or 0.9 mmol) was 
added at 0 'C and the mixture was stirred at this temperature for an additional 10 minutes. 
Pheoylvaleric acid 6 (0.126 g or 1.0 mmol) was dissolved in 50 ml of dichloromelhane in 
a separate round bottomed flask and was cooled to 0 'C. To this was added triethylamine 
(0.1 ml or 0.9 mmol) followed by the 5 minute dropwise addition of (0.08 ml) isobutyl 
chloiofbnnate. The mixture was stirred for an additional 10 minutes at this temperature 
and flie resultant mixed anhydride was tranferred by cannula to the other flask containing 
the fiee amine. The combmed mixtute was stirred at 0 'C for 1 hr. Water was added and 
the aqueous layer was extracted with 2 X 50 ml of didiloroinethane. The combined 

organic layer was washed with 10% sodium bicarbonate and then wilh sat. aq. brine. The 

dichloromethane was removed under vacuum and the residue chromatogr^hed over 

aUca gel with CSa, to yield 0.212 g of 63 or BP-015 (68%). 

'H-NMR (CDQa): 5 8.8 (bs, IH); 7.24 (m, 2H); 7.15 (m, 5H); 6.81 (d, J= 8.6as, 2H); 

4.5 (dd, 3.8Hz, 9Hz, IH); 4.09 (t, J= 5Hz, 2H); 3.72 (t. J= 5Hz, 2H); 3.45 (dd. J= 

3.8Hz, 18Hz, IH); 3.12 (s, 3H); 3.1 (dd. J= 9Hz, 18Hz. IH); 2.63 (m. 2H); 2.33 (t. 2H); 

1.67(m,4H). 
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'^C^NMR (CDCI3): 245 (t); 31.0 (t); 33.2 (t); 33.9 (d); 35.6 (t); 37.3 (q); 37.7 (t); 47.9 (t); 
53.6 (d); 66.5 (t); 114.6 (d); 125.6 (d); 128.3 (d); 130.3 (d); 157.9 (s); 171.1 (s); 173.8 (s); 
175.0 (s). 

HRMS : (Cal for C24H28N2O4S 441.1842). Foimd 441.1793. 
IR (Thin Film): 3432, 1751, 1699, 1610, 1244 cm"\ 

Example 15 : Svatfaesis of BP-016. a particular cpmp nimd nf thi s invention 
BP-016 




S-Cydopentyl^entanoic add 
f2-f4-{2,4^iaxa^iazolMn''5iylmethyl)^h^ (20) 

[02711 To a 100 ml round bottomed flask was added 19 (0.224 g or 0.9mmol), as the 

hydrochloride salt of 5-({4-[2-(methylamino)ethoxy]phenyl}methyl>13-tfiiazolidine- 

2,4-dione, in 30 ml of dry dichloromefliane. Triethylamine (0.1 ml or 0.9 mmol) was 

added at 0 "C and the mixture was stirred at this temperature for an additional 10 minutes. 

5-Cyclopentylvaleric acid 5 (0.120 g or 1.0 mmol) was dissolved in 50 ml of 

dichloromethane in a separate round bottomed flask and was cooled to 0 "C. To this was 

added triethylamine (0. 1 ml or 0.9mmol) followed by the dropwise addition over 5 

minutes of 0.08 ml of isobutyl chlorofonnate. The mixture was stirred for an additional 

10 minutes at this temperature and the resultant mixed anhydride was transferred by 

caimula to the other flask containing the jftee amine. The mixture was stirred at 0 *C for 1 

hr. Water was added and the aqueous layer was extracted with 2 X 50 ml of 

dichloromethane. The combined organic layer was washed with 10% sodium bicaifoonate 

and then with sat. aq. brine. The dichloromethane was removed under vacuum and the 

residue chromatogr^hed over silica gel with CHCI3 to yield 0.252 g of 20, or BP-016 

(78%). 
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'H-NMR (CDQa): 5 9.4 (bs. IH); 7.13 (d, y= 8.5Hz, 2H); 6.82 (d, J= 8.5Hz, 2H); 4.5 
(dd, 3.8Hz, 9Hz, IH); 4.08 (t, 5Hz, 2H); 3.71 (t, 7= 5H2, 2H); 3.45 (dd, 7= 
3.8Hz, 18Hz, IH); 3.13 (s, 3H); 3.1 (dd, y= 9Hz, 18Hz, IH); 231 (t, 7.4, 2H); 
I.71(m, 3H); 1.62 (m, 7H); 1.31 (t,/= 4.5Hz, 4H); 1.1 (m, 2H).. 
"C-NMR (CDCI3): 25 0 (t); 25.5 (t); 28.4 (t); 28.5 (t); 32.5 (t); 33.4 (t); 33.9 (d); 35.7 (t); 
37.5 (q); 37.7 (t); 39.8 (t); 47.8 (t); 53.6 (d); 66.5 (t); 114.6 (d); 128.2 (s); 130.3 (d); 157.9 
(s); 170.9 (s); 173.9 (s); 174.8 (s). 

HRMS: (Calc for C23H32N2O4S 433.2155). Found 443.2153. 
mCrhinFilm): 3432,2943, 1752, 1701, 1610, 1512, 1245 cm-'. 



5-Phenyl-pentanoic add 
{2-[4-(2,4-dioxo-4hiaz4>lidin-5-ylmetJv^l)-phenmcy]-ethyl}^ 

BP-016 



S-Cydopentyl-ipentanoic add 
{2~f4-{2,4-^xo-4hiaz0Udin-5-ji^methyl)-phena}iyJ-ethyl}-meth^ 

[0272] The ability of tepresratadve compounds of Ibis invention to activate 

PPARgamma was tested in a. FRET assay in vitro system using standard methods jgimiliar 



P.yam ple 16: Assav of the compounds ability to activate PPARs 



BP-015 
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to those skilled in the art. The followmg Table shows ttie ECSOs for activation of Ihe 
various PPAR isofonns of the following compounds of the current invention. 

Table A. ECSOs for PPAR isofonns by Compounds of this invention 
Compound EC50 for PPAR isofoxms 

Cyclopentyl BP 16 PPARgamma < 10 nanomolar 

PPARalpha = 720 nanomolar 
PPARdelta > 10 micromolar 

Phenyl BP 15 PPARgamma < 10 nanomolar 

PPARalpha = 2. 1 micromolar * 
PPARdelta > 10 nanomolar 

[0273] These findings demonstrate that represmtative compounds of this invention 
are extrCTiely potent activators of PPARgamma, Because many thiazolidinediones and 
non-4iazolidinediones do not activate PPARgamma, the current results are surprising. 
Moreover, the compounds are significantly more eflfective in activating PPARgamma 
than rosigjitazone, the most potent ligand for PPARgamma q)proved for clinical use in 
the United States. Conqwunds that activate PPARs are known to be effective in the 
treatment of a variety of disorders involving alterations in cell proliferation, 
inflammation, and or disturbances in carbohydrate or Upid metabolism. Thus, the 
compounds of this invention will have utility for treating and preventing type n diabetes, 
hypertension, atherosclerosis, restenosis after angioplasty, psoriasis, various 
malignancies, iheumatoid arthritis, asthma, chronic obstmctive pulmonary diseases and 
other clinical disorders that may be affected by activation of PPARs as described in this 
document Because the compounds of die invention are potmtially more potent in 
activating PPARgamma than rosiglitazone, tiiey represent a significant improvement for 
the treatment of clinical disorders for which rosigUtazone might be used as therapy. 
Because of the extensive homology between PPARganuna and other isoforms of PPAR 
(PPARalpha and PPARdelta), the compounds of this invention also may be useful for the 
treatment of clinical disorders influenced by either PPARalpha or PPARdelta or both. 
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Example 1 7: Use of a compound of this invention to treat a metabolic and/or 
iriflatnmat orv disease 

[0274] This example illustrates a clinical trial and therapy by oral administration. A 
patient having type 2 diabetes mellitus, or a dyslipidemia (e.g. hypercholesterolemia or 
hypertriglyceridemia), or chronic generalized psoriasis, with or without psoriatic arthritis, 
or rheumatoid arthritis, or inflammatory bowel disease (e.g., ulcerative colitis) is selected 
for therapy. The patient weigjis 80 kilograms. For infants or children the doses suggested 
are lowered in a linear &sIiion based on body weight or surfece area. The female patient 
of child-bearing potential is given a pregnancy test to confirm that the patient is not 
pregnant Provided that the patient is not pregnant and does not plan to become pregnant 
during treatment, according to this invration, a PPARgannma agonist or a PPARgamma 
partial agonist (SPAR^/Q at a PPARalpha/PP ARgamma dual agonist or a 
PPARa^ha/PPARganuna partial agonist, or a PPARgamma/PPARdelta dual agonist is 
orally administered in a dosage of 0.1 to 500 milUgrams once or twice daily, more 
typically 2 to 25 mg once or twice daily. The patient is monitored &x intprovement in the 
manifestations of the index disease. Additionally, a complete blood count, including 
white cell count and differential, a platelet count, and Uver fimction tests (such as levels 
of alkaline phosphatase, lactose dehydrogenase, and transaminases) are checked prior to 
treatment and periodically thereafter. Tlie dosage is maintained or tiered when the 
manifestations of the disease subside, as judged by one skilled in the art of medicine. 

[02751 Tables I through X provides further examples of diseases or disorders 
treatable with methods described in this invention: 
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TABLE I: Examples of dermatological disorders treatable using compounds 
described in tliis invention 



Kertinizing skin diseases, keratitis, hidradenitis, ichthyosis 

Psoriasis (all fortns, including p. vulgaris, p. guttata, p. discoidea, p. anttiropica, p. 

universalis) 

Acne (all forms, racluding a. vulgaris, a. rosacea, a. inversa, cystic acne)* 

Warts, verruca (all forms, including common warts, anogenital (venereal) warts, 
viral warts including human p^illoma virus (HPV) infections, conjunctival warts, 
oral/buccal warts) 

Acute and chronic dermatitides (inflanmiation of the skin), atopic dermatitis, allergic 
dermatitis, contact deormatitis, cosmetic dermatitis, chemical dermatitis, sebordieic 
dermatitis, solar dermatitis, acute and chronic eczema, diaper rash, sunbum 

Lupus associated skin lesions 

Keratoses such as sebonfaeic keratosis, senile keratosis, actinic keratosis, photo- 
induced keratosis, skin aging, thinning skin, dry skin, wrinkle formation, photo- 
induced skin aging, keratosis follicularis 

Keloids and prophylaxis against keloid formation 

Leukoplakia, lichen planus 

Urticaria, pruritus 

Androgenic alopecia in men and women, hirsutism in women 
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TABLE n: Examples of psychiatric disorders treatable using compounds 
______ .described in tbis inventioil 



Depression, primary depression or depression secondary to chronic diseases and 
m^cations 

Dysphoric mood disorders 
Obsessive compulsive disorder 
Dysdiymic disorders 

Manic depressive (unipolar or bipolar) disorder 

Anxi^ states including panic disorder and agoraphobia 

Post menstrual syndrome 

Schizophrenia 

Chronic fatigue syndrome 

Substance abuse and drug addiction . 

Anorexia nervosa and anorexia bullemia 
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TABLE m: Examples of neurological/neurodegencrative disorders treatable using 
compounds described in this invention 

Migraine headaches (e.g. vascular headaches, common migraine) 
Primary (e^g. Alzheimer's disease) and secoiidary (e.g. HTV-related) dementias 
Degraerative CNS diseases (e.g. Parkinson's disease, amyotropic lateral sclerosis) 
Demyelinating diseases (e.gjnultiple scl^sis, Guillain-Barre syndrome) 
Pain disorders including algesia, hyperalgesia, acute and chronic pain, allodynia 
Primary and secondary encephalitis and encq)halomyelitis (e.g. autoimmune 
encephalomyelitis, allergic encqphalomyelitis) 
Primary and secondary neuritis, autoimmune neuritis 

Otbesr autounmune diseases (e.g. myesthenia gravis, Eaton-Lambert syndrome) 
Congenital and secondary ataxias 
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TABLE IV: Examples of inflammatory and metabolic disorders associated with 

allograft transplantation treatable using compounds described in this 
invention • , 

ITie compounds described herein are usefid as monotherapy or adjunctive therapy 
with existing immunosuppressive agents for the promotion and maintenance of 
allograft survived, post'transplantation. 

Examples of inflammatoiy and proliferative conditions or diseases associated with 
allograft transplantation and immune suppression include: 

1 . Acute allograft rejection 

2. Chronic allograft rejection 

3. Ghraft versus host disease 

4. Post-traiisplantation de novo malignancy (e.g. lymphoma and epidermal 
cancers) 

5. Osteoporosis and osteopenia 

6. Hyperlipidemia 

7. Insulin resistance and diabetes mellitus 

8. Hypertension 

9. AthCTOsclerosis 

1 0. aidarteritis associated with heart allograft transplantation 

1 1 . Glomerulonephritis associated with renal allograft transplantation 

12. Caidiomyqpalhy and congestive heart failure associated with allograft 
transplantation, in particular heart transplantation 
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TABLE V: Examples of diseases of various organ systems treatable using 
compounds described in flils invention 



Organ System Disease/Pathology 



Cardiovascular 



EiKlocTine 



Urogenital 



Pulmonary 

Connective tissue 
Joint 



liver/Other 



Hypertension, vasculo-occlusive diseases including aflierosclerosis, 
arteritis, endarteritis, endocarditis, myocarditis, arterial plaque 
(fibrous cap) rupture, fbrombosis, restenosis after any invasive 
vascular procedures; acute coionary syndromes such as unstable 
angina, myocardial in&rction, myocardial ischemia and other 
ischemic cardiomyopathies, non-ischemic cardiomyopathies, 
post-myocardial infarction cardiomyopathy and myocardial fibrosis, 
drug-induced cardiomyopathy. 

Obesity, type 1 diabetes mellitus, type 2 diabetes mellitus, 
gestational diabetes, impaired glucose tolerance, Cushing's 
syndrome (e.g. secondary to chronic glucocorticoid therapy), 
polycystic ovarian syndrome, osteoporosis, osteopenia, accelerated 
aging of tissues and organs, e.g. Werner's syndrome. 

Prostatitis, endometritis, ^dometriosis, benign prostatic 
hypertrophy, leiomyoma, polycystic kidney disease (e.g. autosomal 
dondnant PKD), acute tubular necrosis, nephrotic syndrome, 
diabetic nephropathy^ glomerulonephritis, erectile dysfunction in 
men and women. 

Asthma, chronic obstructive pulmonary disease (COPD), reactive 
airway disease, pulmonary fibrosis, pulmonary hypertension. 

Rheumatoid arthritis, Raynaud's phenomeoon/disease, Sjogren's 
syndrome, systemic sclerosis, systemic lupus ©rythematosus, 
inflammatory bowel disease (ulcerative colitis, Crohn's disease) 
vasculitides, ankylosing spondylitis, osteoarthritis, reactive arftuitis, 
psoriatic arthritis, fibromyalgia, osteoarthritis, sarcoidosis. 

Hepatic fibrosis, hepatic cirriiosis, hepatic steatosis, all etiologies, 
e.g. alcohol-induced (e.g. ethanol), drug-induced (e.g. tylenol), and 
toxin-induced (e.g. mudiroom poisoning) 
Fibrocystic breast disease, fibroadenoma 
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TABLE Via: Examples of neoplastic diseases treatable using compounds described 
in this invention 



Organ System 


Malignancy/Cancer type 


Skin 


Basal cell carcinoma, melanoma^ sauamous cell carcinomai • 




cutaneous T cell lymphoma; Kaposi's sarcoma 


TTptmatnlnpirjil 


Acute leukemia^ chronic leukemia and mvelodvsolastic 




syndromes. 


Urogenital 


Prostatic, renal and bladder* caicmomas, anogenital carcinomas 




including cervical, ovarian, uterine, vulvar, vaginal, and ttxose 




associated with human papilloma virus infection. 


Neurological 


Gliomas including glioblastomas, astrocytoma, ependymoma. 




meduUoblastoma, oligodendroma; meningioma, pituitary 




adenoma, neuroblastoma, craniopharyngionaa. 


Gastrointesdnal 


Colon, colorectal, gastric, esophageal, mucocutaneous 




carcinomas. 


Breast 


Breast canc^ including estrogen receptor and progesterone 




receptor positive or negative subtypes, soft tissue tumors. 


Metasta^s 


Metastases resulting from all neoplasms. 


Other 


Angiomata, angiogenesis associated with the neoplasms. 
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TABL£ VIb: Examples of neoplastic diseases treatable using compouads described 
in this invention (cont'd) 



Location Maligmmcy/Cancer type 

Various fibrosarcoma, myxosarcoma, liposaicoma, chondrosarcoma, 

osteogenic sarcoma, chordoma, angiosarcoma, 
enfhotheliosarcoma, lymphangiosarcoma, 
lymphangiomdotheliosarcoma, synovioma, mesothelimoa, 
Ewing's tumor, leiomyosarcoma, rhabdomyosarcoma, colon 
carcinoma, basal cell carcinoma, adenocarcinoma, sweat gland 
carcinoma, sebaceous gland carcinoma, papillary carcinoma, 
•papillary adenocarcinomas, cystadenocarcinoma, medullary 
carcinoma, bronchogenic carcinoma, renal cell carcinoma, 
hepatoma, bile duct carcinoma, choriocarcinoma, seminoma, 
ranbryonal carcinoma, Wilms' tumor, cervical cancer, testicular 
tumor, lung carcinoma, small cell lung carcinoma, bladder 
carcinoma, epithelial carcinoma, glioma, astrocytoma, 
meduUoblastoma, craniopharyngioma, ependymoma, 
pinealoma, hemangioblastoma, acoustic neuroma, 
oligodendroglioma, meningioma, melanoma, neiuroblastoma, 
and retinoblastoma. 
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TABLE VH: Examples of viral infections and related pathologies treatable 
according to the methods of this invention 



VxrusViral infection/cancer or other virus-associated pathology 



HTLV 



HPV 



HAV,HBV,HCV 
CMV 

HSV,VSV 



HHV 
EBV 

Adenoviruses 

RSV 
PMV 

MV,RV 

Coxsackie viruses 
Influenza viruses 



T-cell leukemia/lymphonM, HTLV-associated 
arthritides/myelopathies. 

Cervical and anogenital cancers; common and anogenital (venereal) 
warts, including vemicae, condyloma or condyloma acuminata, 
related non-neoplastic (e.g., keratitis, conjunctivitis) pre-neoplastic 
and neoplastic (e.g., conjunctival epithelial neoplasms) diseases of 
the eye. 

Hepatitis, hepatocellular carcinoma, lymphoma. 
Hepatitis, retinitis, meningitis. 

Related mucocutaneous, oropharyngeal and genital diseases, related 
skin and respiratcny infections, vaiicella-zoster, chicken pox, heipes 
zoster, post-heipetic neuralgia, conjunctivitis, koatoconjunctivitis, 
keratitis. 

Exanthem subitum, infectious mononucleosis. 

Infectious mononucleosis, chronic fatigue syndrome, lymphoma, 
conjunctivitis, keratitis, and related infections of the eye. 

Upper and lower respiratory tract infections, pneumonia, 
conjunctivitis. 

Upper and lower respiratory tract infections, pneumonia. 
Muntps and related manifestations, e.g., conjunctivitis. 
Measles, Rubella (^'German measles") and related manifestations. 
Conjimctivitis, diabetes mellitus, respiratory infections. 
Upper and lower respiratory tract infections, pneumonia. 



HIV, Human Immunodeficiency Virus; HELV, Human T-cell Lymphocyte Virus; HPV, 
Human Papilloma Virus; HAV, Hepatitis A Virus; HBV, Hq)atitis B Virus; HAV, 
Hepatitis C Virus; CMV, Cytomegalovirus; HSV, Herpes Simplex Virus (Types I & II); 
HHV, Human Herpes Virus; EBV, Epstein-Barr Virus; RSV, Respiratory Syacytial Virus; 
VZV, Varicella-Zoster Virus; PMV, Paramyxovirus; MV, Measles (Rubeola) Virus; RV, 
Rubella Virus 
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Table VHI: HIV related infections and diseases treatable using compounds 
described in this invention 



Organ system 
Immmiologic 
Dennatological 



Hematologic 

Gastrointestinal 

Ophthahnic 



Cardiac 
Pulmonary 
Nephrologic 
Rheumatologic 

Neurologic 
Psychiatric 

General 



Viral infection/manifestation or other HlV-associated disease 
AIDS, primary HIV infection. 

Anogenital cancers including rectal and cervical cancer, Elaposi's 
sarcoma, atopic dermatitis, squamous cell carcinoma, hairy 
leukoplakia, molluscum contagiosum, warts (HPV infections), 
seboiiheic dermatitis, psoriasis, xeroderma, HSV and 
varicella-zoster infections. 

Non-Hodgkin*s lymphoma, B cell lymphoma, anemia, 
neutropCTia, thrombocytopenia. 

Anorexia, gastroparesis, diarrhea, malabsorption, gastrointestinal 
CMV infections, esophagitis, colitis, hepatitis, lymphoma. 

Conjunctivitis, keratitis, keratoconjunctivitis, uveitis, retinitis, 
chorioretinitis, CMV retinitis, iridocyclitis, vitreitis, choroiditis, 
papilledema, Kaposi's sarcoma, lymphoma, ocular palsies, 
conjunctival warts, pre-neoplastic and neoplastic diseases of the 
eye. 

Myocarditis, endocarditis, pericarditis. 

CMV pneumonitis, lynq>hoid interstitial pneumonitis. 

HIV nephropathy, renal cell carcinoma, amyloidosis, uropathy. 

Arthralgia, fibromyalgia, Reiter's syndrome, psoriatic arthritis, 
vasculitis. 

Dementia, viral meningitis, viral encephalitis, HIV 
encephalopathy, progressive multifocal leukoencephalopathy, 
CNS lymphoma, peripheral and autonomic neuropathies. 

Dysphoric mood disorders, dqjression, depression associated 
with chronic diseases and medications, bipolar disorder, anxiety 
disorders, chronic fatigue syndrome, chronic pain, psychoses, 
substance abuse disorders and drug addiction. 

Lymphoma, metastatic lymphoma, Kaposi's sarcoma, wasting 
syndrome, psychosis. 
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TABLE IXa: Diseases of the eye treatable using compoands described in this 
invention 



1, Inflammatory eye diseases associated with viral infections 







Blq)hantis 


HSV, WTNy Vaccmia, HP v , molluscum contagiosum 


Conjunctivitis 


HSV, VZV, EBV, Adenovmis, vaccuua, vanoia, xir v, 


mrhlliiGciim ' nnntsiiTinfniTTi in fluenZS. 

XUvAlUSiwUUX wVIUUIKlvOUJXLy 111,1 


Follicular c. 


Newcastle, measles, mumps, rubella, molluscum 




contagiosum 


Hemorrhage c. 


Enterovirus, coxsadde 


Catanhal c 


Rubella 


Keratitis 


HSV, VZV, EBV, Adenovirus, Vaccinia, Variola, HPV, ' 




molluscum contagiosum 


Keratoconjunctivitis 


HSV, VZV, EBV, Adenovirus, Vaccinia, Variola, HPV, 




molluscum contagiosum 


Retinitis 


CMV 


Uveitis 


HPV 


Conjunctival warts 


HPV 


C.epithelial 


HPV 


neoplasms 




2. Oularolastic diseases 


Beni^ tumors: 


Keratocanthoma, moUusciun contagiosum, dearmoid cysts. 


neurofibroma, neurofibromatosis, schwannoma 




(neurilemoma), pleiomorphic adenoma 


Malimant tumors: 


Basal cell carcinoma, squamous cell carcinoma. 


mucoepidemioid carcinoma, melanoma, retinoblastoma. 




embryonal rhabdomyosarcoma, meningioma, adenoid 




cystic carcinoma, lymphoid tumors of the orbit. 




mesenchymal tumors (fibrous hystiocytoma) of the orbit. 




nasopharyngeal carcinoma. 


Vascular lesions: 


Hemangioma, lymphangioma. 
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TABLE IXb: Ophthalmic diseases treatable using compounds described in this 
Invention (conVd) - 



Disease Category/Examples of Diseases, Causes or Associated Conditions'* 



Conjunctivitis 



Blq>haritis 
Ophthalmic fibrosis 
Corneal injury 
Dry eye syndrome 



Uveal tract diseases 



Acute allergic conjimctivitis (e.g. drug-related inflammation, 
hypersensitivity reactions), chronic (vernal) conjunctivitis, 
contact lens-associated conjunctivitis, e.g. giant pq)illary 
conjunctivitis, conjxmctival ulceration, including ulceration 
associated with mucous membrane, conjunctival warts 
Inflammatory etiologies, e.g. blepharitis secondary to 
rosacea 

Steven's- Johnson syndrome with progressive fibrosis and 

scarring, cicatrization and symblepharon. 

Corneal abrasion or ulceration (e.g. contact lens-related 

injury), or corneal injury of any etiology*. 

See Table below 

Pteryghun, Pinguecula . 

Pemphigoidlncludes ophtliafanic pemhigori 

Scleritis/Episcleritis 

Iridocyclitis 

Endophthalmitis 

Including glaucoma (primary and secondary etiologies) 
•Uveitis, uveoretinitis, panuveitis, all etiologies* 



Vitreitis, retinitis 
Infectious retinitis 

Chorioretmopadiies 
Retinopathies 

Cataract 



e.g. congenital retinitis, retinitis pigmentosa 

Viral (e.g. herpes, cytomegalovirus, HIV), tuberculous, 
syphititic, iimgal (e.g. histoplasmosis) 
Chorioretinitis, choroiditis, vitreitis, 
e.g. Diabetic retinopathy, hypertrasive retinopathy 
Maculopatfaiesage-related-macular degeneration, white dot 
syndromes 

Related to diabetes, age, collagen vascular diseases Ocular 

palsies 

*£tiologies of ophthahnic diseases treatable according to the methods of this 
invention include diseases induced or caused by physical agents (e.g. UV radiation), 
chemical agents (e.g. acids, caustic solvents) immunological etiologies (e.g. collage 
vascular diseases, auto-immune, T lymphocyte-related), infectious agents such as 
viruses (HSV, CMV, HTSO, mycoplasnia, tuberculosis, syphffi fimgae 
(histoplasmosis) 
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TABLE IXc: Ophthalmic diseases treatable ushig compounds described in this 
faivention (cont^d) - Etiologies of dry eye syndrome 



L Conditions Chaiacteiized by Hypofiinction of the Lacrimal Gland: 

A. Congenital 

Familial dysautonomia (Riley-Day syndrome)^ aplasia of tiie lacrimal 
gland (congenital alaciima), trigeminal nerve aplasia, ectodemial dysplasia 

B. Acquired 

1. Systemic Diseases, e,g, Sjogren's Syndrome, progressive 
systemic sclerosis, sarcoidosis, leukemia, lymphyoma, • 
amyloidosis, hemochromatosis, 

2. Infection, e.g. mmnps 

3. Injury, e.g. surgical removal of lacrimal gland, irradiation, 
chemical bum 

4. Medications, e.g. antihistamines, antimuscarinics (atropine, 
scopolamine), general anesthetics (halothane, nitrous oxide), 
beta-adrenergic blockers (timolol, practolol), neurogenic, 
neuroparalytic (facial nerve palsy) 

IL Conditions Characterized by Mucin Deficiency 

Avitaminosis A, Stevens- Johnson syndrome, ocular pemphigoid, chronic 
conjuncitivitis (e.g. trachoma), chemical bums, drugs and medications 

HL Conditions Characterized by Lipid Deficiency 
Lid margin scarring, blq)haritis 

IV. Defective Spreading of Team Film Caused by the Following: 



A. 


Eyelid abnormalities 


1. 


Defects, colboma 


2. 


Ectropion or entropion 


3. 


Keratinization of tid margin 


4. 


Decreased or absent blinking secondary to: neurologic disorders. 




hyperthyroidism, contact lens, drugs and medications, herpes simplex 




keratitis, lq)rosy, conjunctival abnormalities, pterygixmi. 




symblqpharon, proptosis 
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TABLE DCd: Ophthalmic diseases treatable using compounds described in this 
invention (cont'd) - Non-hereditary and hereditary degenerative 
diseases 



Macular disorders: 



Retinovascular diseases 
and retinopathies: 



Glaucoma: 



Cataract: 



Other diseases: 



All etiologies and manifestations, including age- 
related macular degenei:ation, exudative macular 
degeneration, atrophic maciilar degeneration, 
crystalline retinopathies, retinal toxicosis of systemic 
medications, idiopathic central serous choroidiopathy, 
macular edecna 

Retinopathy, vasculo-occlusive r., ischemic r., 
idiopattiic r., hypertensive r., proliferative r., diabetic 
r., vitreotetinopafhy, vasculopathies associated wifli 
telangiectasias or aneurysms, retinopathies associated 
witii lupus erythematosus, rheumatoid arthritis, 
multiple sclerosis, myasthenia gravis, uveorethntis or 
diabetes mellitus, glaucomatous retinopathies 
All etiologies and manifestations, including primary 
and secondary open-angle glaucoma, angle-closure 
gjaucoma, glaucoma associated with intraocular 
inflammation, elevated intraocular pressmre associated 
with acute glaucoma, steroid-induced glaucoma, 
glaucoma associated with intraocular hemorrhage, 
pseudoexfoliative syndrome, glaucomatous optic 
neuropathy and other degenerative changes (e.g. 
retinopathy) associated with glaucoma 
All etiologies and manifestations, including age- 
related (UV radiation) cataract, cataract associated 
with systemic diseases such as coUagen vascular 
disease, diabetes mellitus, Wilson's disease 
Primary or secondary retinal detachment 
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TABLE DCe: Ophthalmic diseases treatable using componnds described in this 
invention (contM) - Congenital degenerative retinopathies 



1. Primary pigmented retinopathies, all gene types 

- Autosomal ddlaiinant retinitis pigmentosa, e.g. lod-cone and cone-iod 
deg^erations 

- Autosomal recessive retinitis pigmentosa, e.g. rod-<»ne and cone-rod 
degenerations, Lemer's amaurosis congenita 

- X-linked recessive pigmented retinopathies, e.g. choioideremia 

2. Secondary pigmented retinopathies (retinopathies associated with systemic 
diseases) 

- Autosomal dominant pigmented retinopathies, e.g. Paget's disease, 
Oiarcot-Marie-Tooth, disease, Steinert's disease, Piecre-Marie 

* Autosomal recessive pigmented retinopadiies, e.g. diabetes mellitus, 
mannosidoses, mucopolysccharidoses. Batten's d., Re&um*s d.. Usher 
syndrome 

- X-linked recessive pigmented retinopathies, e.g. Hunter syndrome 
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TABLE X: Diseases or conditions treatable using compounds described in this 
invention 

/. Promote healing in the following clinical situations: 

Surgical or traumatic wounds to healthy tissues or organs 

Wounds caused by chemical or physical agents, e.g. ulcers caused by 

caustic or erosive diemicals, pressure sores, etc. 

Wounds associated widi disease states, e.g. diabetic ulcers etc. 

Wounds in diseased tissues or organs 

K Promote cell survival and prevent apoptosis in neurodegenerative diseases: 
Alzheimer's disease 
Parkinson's disease 
Amyotrophic lateral scl^sis 

Spinal cord injury or transection secondary to trauma or disease 
ZEL Attenuation or arrest of the following conditions or processes: 
Hie natural aging of cells and tissues 

Aging iaduced by chemical or physical agents, e.g. sun-induced skin 
aging 

Accelerated aging associated with diseases, e.g. Waller's syndrome 
IV. Yitalization and revitalization of organs and tissues 

Promoting cell growth and preventing cell deatii in the aging process 
Promoting therapeutic or non-pathological angiogenesis as a thwapeutic 
approach to treating diseases such as congestive heart failure and 
cardiomyopathy 

Promoting growth of organs and tissues for repair or transplantation 
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[0277] All publications, patents and patent applications referred to herein are herein 
incorporated by reference into the specification in their entirety for all purposes. 
[0278] Although the invention has been described with reference to pref^ed 
embodiments and examples tbereoj^ die scope of the present invention is not linodted only 
to those described embodiments. As will be apparent to persons sIdUed in the art, 
modifications and adaptations to the abovendescribed invention can be made without 
dq>arting fiom the spirit and scope of the invention, which is defined and drcumsciibed 
by die upended claims. 

[0279] The foregoing is offered primarily for purposes of iUustratioiL It will be 
readily apparent to those of ordinary skill in the art that the operating conditions, 
materials, procedural steps and other parameters of the invention described herein may be 
further modified or substituted in various ways without departing finom the spirit and 
scope of the invention. For example, the invention has been described with human 
patients as the usual recipient, but veterinary use is also contemplated* Thus, the 
preceding description of the invention should not be viewed as limiting but as merely 
exemplary. 
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C3LAIMS 



What is claimed is: 



1 . A compound of Fomiula 1 : 




A y/C\ 



:E)f — Rs-fz) 



g 



wherein: 



aisO, or 1; 
bis 0, orl; 

c is an integer between 0 and 2; 

d is 0, or 1; 

eisO, orl; 

fisO,orl, 

gisO, orl; 

A is selected fiom the group consisting of O and S; 

RandRi -Rii is any combination wherein eadi member ofRandRi-Ru is 
selected from the groiq) consisting of naught, H, lone pair of electrons, optionally 
substituted heteroatomic group, aDcyl, cycloalkyl, alkylcycloalkyl, aij^alkyl, aryi, 
heteroarjl, heterocyclic, alkylhet«:oar}d, aHqiheterocyclic, and optionally 
substituted ester, amide, carbonate, or carbamate; 

W, G, E or J is selected fiom the group consisting of O, N, S, -SO2-, -ISIHSO2-, - 
SO2NH-, C, C=0, CH, and CH2; 

X is selected from the group consisting of H, halogen, ORio, NRioRn, SR, -SO2R, 
-SO2 NRioRii, and -NR10SO2R11, and further wherein X is attached either meta or 
para to the Z containing side chain; 
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Y is selected from the group consisting of O, N, S, -SC^—NHSOzS -SO2NH-; C, 
C=0, CH, and CH2, and further wherein Y is attached either meta or para to tiie Z 
containing side chain; 

U is selected from the group consisting of CH, CX, CY, N, and N-oxide; 
Z is selected from the group consisting of CO2R9, R or Sot racemic 5-substituted- 
thiazolidine-2,4-dione, i? or 5 or racemic 3-substituted-pyrrolidrne-2,5-dione, 5- 
' substituted-oxazolidine-2,4-dione, 5-substituted-imidazolidine-2,4-dione, 5- 
substituted-isoindole-l,3-dione, 3-substituted-pyrn)Ie-2,4-dione, 3-Hydroxy-4- 
substituted-pyrrole-2,5-dione, 4-hydroxy-5~substituted-l,2-dihydropyrazoI-3-one, 
5-substituted- 1 ,2-dihydio-pyrazol-3-one, 4-substituted-pyrazoUdine-3,5-<iione, 3- 
substituted-lH-[i;2,4]tria2X)le, 4-substituted-2H-[l,2,3]triazole, 4-substituted- 
[l^,4]triazolidine--3,S-dione, S-substituted-2,3-dihydro-[l^^]triazol-4-one, and 
5-substituted-2H-'tetrazole. 

2. The con^>ouiid according to claim 1, wherein the point of attachment of Y and X are 
via carbon atoms in the central ring. 

3. The compound according to claim 1, wherein 

Rl is a 2, 3, or 4-pyridyl ring; 

R is selected from the group consisting of a lone pair of electrons (lpe)» H, and 

substituted or unsubsituted alky! or aryl group; 

GisCH; 

b, and f are 0; 

a,c,d,gandearel; 

R2 is selected from the group consisting of -(CH2)6 to -{CH2)2s 

R4 is selected from the groi^ consisting of H, CH3, ethyl, and propyl; 

R5 is selected from the group consisting of -(CH2)- to -(CH2)4-; 

R6 is selected from the group consisting of a lone pair of electrons Ope), H, and 

substituted or misubsituted alkyl or aryl group; 

A is selected fix^m the group consisting of O and S; 



171 



wo 02/076177 



PCTAJS02/09287 



J is selected &om the group consisting of O, N, and S; 

Y is selected fronoi the group consisting of O, N, S, and CH; 
X is selected j&om ttie groiq> consisting of H, F, CI, Br, and I; 
U is selected fiom the group consisting of N, and CH; 

R8 is selected from the group consisting of CH=CH-, C=0, and CH2; 

R9 is selected jQt?m the group consisting of H, substituted or unsubstituted alkyl 

group, and nontoxic metal salt; and 

Z is selected from the group consisting of COOR9 and S-substituted 1,3- 
thiazolidine-2,4-dione. 
The compound according to claim 1, forfher wherein 

Ri is a 4-pyridyl ring; 

R is selected fiom the group consisting of a lone pair of electrons (Ipe), H, 

substituted or unsubsituted alk^ grotq>; 

GisCH; 

b, and f are 0; 

a,c,d, gandeare 1; 

R2 is selected fiom the group consisting of -(CH2)6 to -(CH2)4-; 

R4 is selected fiom the group consisting of CH3; 

R5 is selected 60m the group consisting of -(CH2)2- to -(CH2)4-; 

R^ is selected fix>m the group consisting of Ipe, H, and substituted or unsubsituted 

alkyl group; 

A is selected from the group consisting of O and S; 
J is selected from the group consisting of O, N, and S ; 

Y is selected fiom the group consisting of O and S; 

X is selected fi^m the group consisting of H, F, and CI; 

UisCH; 

R« is CH2; and 

Zis 5-substituted l,3-thia2olidine-2,4-dione. 
The compound according to claim 1, wherein the compound is: 
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O 




O 



6. A pharmaceutical composition comprising a compound of claim 1 or a salt, solvate, 
ester, tautomer or stereoisomer thereof. 

7. The conq>osition of claim 6 further comprising a phannaceutically acceptable 
excipient 

8. A method for treating a peroxisome pioliferator activated receptor (PPAR) mediated 
disease, or risk factor, the method comprising administering to a human or an animal in 
need thereof^ a therapeutically efBsctive amount of a compound according to any one of 
claims 1-5. 

9. The method according to claim 8, wherein the compound is selected from the group 
consisting of PPARgamma activator, PPARalpha activator, and PPARdelta activator. 

10. The method according to claim 8, wherein the compound is administ^ed in 
combination with a natural or a synthetic ttierapeutic compound 

1 1. A method for designing an reshaped ligand molecule capable of buiding to at least 
one of PPAR-o, 5, and y> the method comprising: 

(a) identifying at least one ligand binding domain (LED) in a selected PPAR; 

(b) selecting at least a first chemical group capable of binding to the LBD of the 
PPAR; 

(c) selecting a second chemical group capable of interacting with at least one anoino 
acid in the LBD to have an effect on transcription mediated by the PPAR; and 

(d) determining a formula of an L-sh^ed hgand molecule wherein the L-shaped 
ligand molecule comprises a first leg section and a second leg section, the first leg section 
comprising the first chemical group that binds the LBD of the PPAR, and the second leg 
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section comprising the second chemical group which interacts with an amino acid on the 
PPAR, and further wherein the jBrst and second leg sections of the L-shaped ligand 
molecule are coimected at an elbow atom common to both legs such that the first and 
second legs are capable of orienting in a conformation which creates an angle of about 80 
to 110 degrees between the first and second legs. 

12. The method of claim 1 1, further comprising: 

(e) synthesizing the L-shaped hgand molecule and determining its ability to brad to at 
least one of PPAR-cc, 5, and y. 

13. The method of claim 1 1, wherein the LBD of the PPAR comprises a cysteine residue. 

14. The method of claim 13, wherein the first chemical groiq> coniprises a thiol which is 
enable of foroung a disulfide liidcage with the cystdne residue in the LBD. 

15. The method of claim 13, wherein the first chemical group comprises a halogen- 
substituted pyridine group which which is capable of forming a covalent linkage with the 
cysteine residue in the LBD. 

16. The method of claim 1 1, wherein the first leg section of the L-sh2ped ligand molecule 
comprises a lipophilic t^minal group that promotes binding to an active site of a PPAR 
isoform. 

17. The method of claim 1 1, wherein the interaction of the amino acid of the LBD with 
the second chemical group on the L^sh^>ed ligand molecule is via hydrogen bonding. 

18. The method of claim 11, wherein the I^shaped molecule is an activating ligand that 
binds the PPAR, and further wherein the second chemical group on the L-sb^ed ligand 
molecide interacts with a Tyr473 residue on the PPAR 

19. The me&od of claim 1 1, wherein the L^shaped ligand molecule is an inactivating 
hgand that binds the PPAR, and further wherein the second chemical groxxp on the L- 
shaped hgand molecule does not interact with a Tyr473 residue on the PPAR. 
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20. The method of claim 1 1, wherem the L-shaped Kgand molecule is designed for 
optimal binding to a PPAR LBD by detennining at least one geometric constraint on the 
molecule. 

21. The method of claim 1 1, wherein the L-shaped ligand molecule is an agonist of the 
PPAR. 

22. The method of claim 1 1, wherem the ligand is an antagonist of the PPAR. 

23. A computer-assisted method for designing a I^shaped ligand molecule specific for at 
least one of PPAR-o, 5, and using a programmable computer including a processor, an 
iiq)ut device, and an output device, the method comprising: 

(a) inputting into the programmable computer, throu^ the mput device, data 
including the identity of at least one Ugand binding domain (LBD) in the seliected PPAR; 

(b) determining, using the processor, the identity of at least a first chemical group 
capable of binding to the LBD of flie PPAR; 

(c) deteraiining, using the processor, the identity of a second chemical group enable 
of interacting with at least one ammo acid in the LBD to have an effect on transcription 
mediated by the PPAR; and 

(d) ou^utting, to the ou^ut device, the formula of an l>shaped ligand molecule 
wherein the L-shaped ligand molecule comprises a first leg section comprising die first 
chemical groi^ which binds the LBD of the PPAR, and a second leg section compriang 
the second chemical group which interacts wifli an amino acid on a PPAR, and fiuAer 
wherein the first and second leg sections of the Ugand molecule are connected at an 
elbow atom common to both leg sections, such that the first and second leg sections are 
cq)able of orienting in a conformation with an angle of about 80 to 1 10 degrees with 
respect to each other. 
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24. The method of claim 23, wherein the I^shaped ligand molecule is designed for 
optimal binding to a PP AR LBD by determining at least one geometric constraint on flie 
ligand. 

25. A method for designing an L^shaped ligand molecule enable of binding to at least 
one of PPAR-oCy 5, the method comprising identifying an Lr-shq>ed molecule 
comprising a jGrst leg section Lj and a second leg section Lz wherein the longitudinal 
axes of Li and Lz are connected by a shared elbow atom c, wherdn: 

(a) Li and L2 are enable of assuming qjproximately linear extended 
conformations wherein Li and L2 are independently each about 9-13 A in length; 

(b) leg sections Li andL2 are connected at the elbow atom c such tfiat the first and 
second leg sections are capable of orienting in a conformation which creates an 
angle of about 80 to 1 10 degrees between the iSrst and second legs; 

(c) a terxmnus of Li contains an acidic moiety of pKa between 4 and 6, and has 
acceptor atoms enable of hydrogen-bonding and 

(d) a terminus of L2 contains a moiety selected fiom the group consistmg of a 
basic moiety, an acidic moiety, functional groups of varying polarity, and a 
neutral hydrocarbon moiety. 

26. The method of claim 25, wh^iein the angle is about 90 degrees. 

27. The method of claim 25, further comprising synthesizing the I^shaped ligand 
molecule identified by the method of claim 25. 

28. The method of claim 27, further comprising testing the L-shaped ligand molecule for 
an ability to bind at least one of PPAR-oi, S, and y or PPAR isoforms. 

29. The m^od of claim 25, i^erein L*i and L2 indq)endently are about 1 1-12 A. 

30. The method of claim 25, wherein Li is 1 1 .1 A and L2 is 1 1 .4A. 

31. The method of claim 25, further comprising designing the L-shaped ligand molecule 
wherera the molecule is capable of assuming a configuration wherein a torsional dihedral 
angle generated by atoms a-b-c-d, wherein atoms a and b are adjacent connected atoms in 
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leg section Li, atom b is connected to elbow atom c, and atom c is connected to atom c 
leg section L2, furtho: wherein: 

a dihedral angle between a plane containing the atoms a, b and c and a plane 
containing ttie atoms b, c and d is betwera 45 and 85 degrees; and 

a distance from an Li head groiq) acid proton to an ^ ex of the dihedral angle i s at 
least about 3.5A. 
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